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SYNOPSIS 
The ubiquitous occurrence of lectins is a well-established fact. They occur in 
microorganisms, animals, plants, but are readily detectable in plants seeds and are widely 
used in carbohydrate biochemistry, cell biology, e.g. separation of various biologically 
active compound and cells. Plant lectins have been widely used for the detection, 
isolation and characterization of glycoconjugates using their characteristic carbohydrate 
binding properties. The increasing use of lectins in chemical and biological aspects has 
prompted for their purification. By definition, lectins are carbohydrate-binding proteins 
of non-immune origin, which agglutinate cells and/or precipitate 
glycoconjugates/polysaccharides. The interaction of lectin with ceirbohydrates is very 
specific, as the enzyme-substrate, or antigen-antibod\- interactions. Lectin induced 
agglutination is exhibited by a special sugar that distinguishes them from mammalian 
antigens. Lectins can induce bacterial cell agglutination thus inhibiting their growth. This 
characteristic may be useful as an effective tool in the identification of pathogens and to 
control infections caused by them. 
Lectins have been classified into several families based on their sugar specificity and 
extensive homology among its members. Based on lectin-carbohydrate interaction 
chemistry they are classified into mannose-specific, galactose-specific, N-acetyl 
glucosamine-specific, L-fiicose-specific and sialic acid specific. 
Lectins comprise one of the most abundant classes of proteins in plants. Most storage 
organs such as seeds contain lectins. Cajanus cajan (L.) Millsp. (Pigeon pea) is one of the 
oldest food crops and ranks fifth in importance among edible legumes of the world. It is 
important in human nutrition as a rich source of dietarj' protein. A lectin present in roots 
of Cajanus cajan seedlings was isolated and purified b)' affinity chromatography. Sugar 
specificity assayed by hemagglutination-inhibition activity, indicated that lectin belongs 
to glucose/mannose specific group. The root lectin was found to be mannose specific and 
was reconfirmed by specific elution of different days' sample from mannose agarose 
matrix. Lectin (total aniout of eluted protein) from different days soil sample showed a 
maximum amount in 10-day-old sample and also the maximum interaction with goat IgM 
indicating the highest lectin content. For fiirther studies, the lectin has been isolated fi-om 
the roots of 10-day Cajanus cajan seedlings and purified on mannose-CL agarose column 
by affinity chromatography. Lectin was found to be a dimer of 18.5 KDa subunit as 
revealed by SDS-PAGE. Secondary structure of Cajanus cajan root lectin as studied by 
circular dichroism was found to be a typical p-pleated sheet structure. The interaction of 
purified root lectin with Cajanus cajan specific rhizobial lipopolysaccharide and its 
inhibition by specific and non specific sugars was demonstrated by fluorescence and 
circular dichroism. 
Concanavalin A is a lectin from jack bean, and is a well-studied protein because of its 
molecular structure and many medical applications. A systematic investigation of the 
effect of polyethylene glycol (PEG) 200 and 400 on the solution conformation of 
concanavalin A (con A) was made using circular dichroism (CD), tryptophan 
fluorescence, 1-anilino-8-naphthalenesulfonic acid (ANS) binding, and size-exclusion 
chromatography. Far-UV CD spectra of con A at 30%(v/v) PEGs show the retention of 
ordered secondary structure as compared to 70%(v/v) PEGs. Near-UV CD spectra 
showed the retention of native-like spectral features in the presence of 30%(v/v) PEGs. 
Intrinsic tryptophan fluorescence studies indicate a change in the environment of 
tryptophan residues on the addition of PEG. ANS binding was maximum at 30%(v/v) 
PEGs suggesting the compact "molten-globule"-like state with enhanced exposure of 
hydrophobic surface area. Size-exclusion chromatography indicates an intermediate 
hydrodynamic size at 30%(v/v) PEGs. Guanidine hydrochloride (GdnHCl) denaturation 
of these states was a single-step, two-state transition. To study the minimum structural 
requirement for specific binding, the different PEGs induced states were examined for 
their interaction with ligand by turbidity measurements. The C50 value was less in PEG 
400 suggesting the more inhibitory ability of PEG 400. The C50 value of PEGs was 
highest for dextran followed by glycogen, ovalbumin, and ovamucoid. From percentage 
inhibition of con A-ligands at 30%(v/v) PEGs, maximum inhibition was in ovalbumin 
followed by ovamucoid, glycogen, and dextran. To summarize: con A at 30%(v/v) PEGs 
exists as compact intermediate with molten-globule-like characteristics, viz., enhanced 
hydrophobic surface area, retention of compact secondeiry as well as tertiary structure, 
and a considerable degree of carbohydrate binding activity. These results has significant 
implications on the molten globule state during the folding pathway(s) of proteins in 
n 
general and quaternary association in the legume lectin in particular, where precise 
topology is required for their biological activities. 
Clitoria ternatea or Butterfly pea commonly known as Shankupushpam, is widely used 
in traditional Indian systems of medicine as a brain tonic and is believed to promote 
memory and intelligence. A lectin present in seeds of Clitoria ternatea was isolated and 
purified for the first time by the combination of acetic acid precipitation, salt fractination 
and affinity chromatography on either fetuin or asialofetuin CL sepharose. The lectin 
agglutinated trypsin-treated human B erythrocytes. Sugar specificity assay indicated that 
lectin belongs to Gal/Gal NAc-specific group. Gel filtration, SDS-polyacrylamide gel 
electrophoresis indicated that the native lectin, designated C. ternatea agglutinin (CTA), 
is composed of two identical subunits of molecular weight 34.7 Kd associated by non 
covalent bonds. The N-terminal sequence of CTA shared the homology with Glycine max 
and Pisum sativum. Complete sequence was also found to be homologous to S-64 protein 
of Glycine max, suggesting that CTA exhibits both haemagglutination as well as sugar 
uptake activity. The two activites are probably associated with separate loci on the same 
proein. Secondary structure of C. ternatea agglutinin as studied by circular dichroism 
(CD) was found to be predominately p-pleated sheet structure. CD conformational 
studies revealed changes in the near as well as far-ultra violet spectrum at the extremes 
of pH. The reaction of lectin with glycoprotein was affected by pH changes. CD 
conformational and increased activity with fetuin in the presence of metal ions suggests 
that CTA is metal ion requiring lectin. The carbohydrate binding specificity of the lectin 
was investigated by quantitative turbidity measurements, hemagglutination inhibition, 
and percent inhibition assays. Based on the results obtained by these assays, we conclude 
that although the C. ternatea agglutinin binds p-D-galactosides, it has an extended 
carbohydrate-combining site that exhibits highest specificity and affinity towards non-
reducing terminal Neu5Aca2,6Gaipi,4Glc. The specificity of the lectin for a2,6-linked 
sialic acid renders this lectin a valuable tool for glycobiology studies in biomedical and 
cancer research. 
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ABstract 
Abstract 
Lectins comprise one of the most abundant classes of proteins in plants. Most storage 
organs such as seeds contain lectins. Cajanus cajan (L.) Millsp. (Pigeon pea) is one of the 
oldest food crops and ranks fifth in importance among edible legumes of the world. It is 
important in human nutrition as a rich source of dietary protein. A lectin present in roots 
of Cajanus cajan seedlings was isolated and purified by affinity chromatography. Sugar 
specificity assayed by hemagglutination-inhibition activity, indicated that lectin belongs 
to glucose/mannose specific group. The root lectin was found to be mannose specific and 
was reconfirmed by specific elution of different days' sample from mannose agarose 
matrix. Lectin (total amout of eluted protein) from different days soil sample showed a 
maximum amount in 10-day-old sample and also the maximum interaction with goat IgM 
indicating the highest lectin content. For ftirther studies, the lectin has been isolated from 
the roots of 10-day Cajanus cajan seedlings and purified on mannose-CL agarose column 
by affinity chromatography. Lectin was found to be a dimer of 18.5 KDa subunit as 
revealed by SDS-PAGE. Secondary structure of Cajanus cajan root lectin as studied by 
circular dichroism was found to be a typical P-pleated sheet structure. The interaction of 
purified root lectin with Cajanus cajan specific rhizobial lipopolysaccharide and its 
inhibition by specific and non specific sugars was demonstrated by fluorescence and 
circular dichroism. 
Concanavalin A is a lectin from jack bean, and is a well-studied protein because of its 
molecular structure and many medical applications. A systematic investigation of the 
effect of polyethylene glycol (PEG) 200 and 400 on the solution conformation of 
concanavalin A (con A) was made using circular dichroism (CD), tryptophan 
fluorescence, l-anilino-8-naphthalenesulfonic acid (ANS) binding, and size-exclusion 
chromatography. Far-UV CD spectra of con A at 30%(v/v) PEGs show the retention of 
ordered secondary structure as compared to 70%(v/v) PEGs. Near-UV CD spectra 
showed the retention of native-like spectral features in the presence of 30%(v/v) PEGs. 
Intrinsic tryptophan fluorescence studies indicate a change in the environment of 
tryptophan residues on the addition of PEG. ANS binding was maximum at 30%(v/v) 
PEGs suggesting the compact "molten-globule"-like state with enhanced exposure of 
hydrophobic surface area. Size-exclusion chromatography indicates an intermediate 
hydrodynamic size at 30%(v/v) PEGs. Guanidine hydrochloride (GdnHCl) denaturation 
of these states was a single-step, two-state transition. To study the minimum structural 
requirement for specific binding, the different PEGs induced states were examined for 
their interaction with ligand by turbidity measurements. The C50 value was less in PEG 
400 suggesting the more inhibitory ability of PEG 400. The C50 value of PEGs was 
highest for dextran followed by glycogen, ovalbumin, and ovamucoid. From percentage 
inhibition of con A-ligands at 30%(v/v) PEGs, maximum inhibition was in ovalbumin 
followed by ovamucoid, glycogen, and dextran. To summarize: con A at 30%(v/v) PEGs 
exists as compact intermediate with molten-globule-like characteristics, viz., enhanced 
hydrophobic surface area, retention of compact secondary as well as tertiary structure, 
and a considerable degree of carbohydrate binding activity. These results has significant 
implications on the molten globule state during the folding pathway(s) of proteins in 
general and quaternary association in the legume lectin in particular, where precise 
topology is required for their biological activities. 
Clitoria ternatea or Butterfly pea commonly known as Shankupushpam, is widely used 
in traditional Indian systems of medicine as a brain tonic and is believed to promote 
memory and intelligence. A lectin present in seeds of Clitoria ternatea was isolated and 
purified for the first time by the combination of acetic acid precipitation, salt fractination 
and affinity chromatography on either fetuin or asialofetuin CL sepharose. The lectin 
agglutinated trypsin-treated human B erythrocytes. Sugar specificity assay indicated that 
lectin belongs to Gal/Gal NAc-specific group. Gel filtration, SDS-polyacrylamide gel 
electrophoresis indicated that the native lectin, designated C. ternatea agglutinin (CTA), 
is composed of two identical subunits of molecular weight 34.7 Kd associated by non 
covalent bonds. The N-terminal sequence of CTA shared the homology with Glycine max 
and Pisum sativum. Complete sequence was also found to be homologous to S-64 protein 
of Glycine max, suggesting that CTA exhibits both haemagglutination as well as sugar 
uptake activity. The two activites are probably associated with separate loci on the same 
proein. Secondary structure of C. ternatea agglutinin as studied by circular dichroism 
(CD) was found to be predominately p-pleated sheet structure. CD conformational 
studies revealed changes in the near as well as far-ultra violet spectrum at the extremes 
11 
of pH. The reaction of lectin with glycoprotein was affected by pH changes. CD 
conformational and increased activity with fetuin in the presence of metal ions suggests 
that CTA is metal ion requiring lectin. The carbohydrate binding specificity of the lectin 
was investigated by quantitative turbidity measurements, hemagglutination inhibition, 
and percent inhibition assays. Based on the results obtained by these assays, we conclude 
that although the C. ternatea agglutinin binds P-D-galactosides, it has an extended 
carbohydrate-combining site that exhibits highest specificity and affinity towards non-
reducing terminal Neu5Aca2,6Gaipi,4Glc. The specificity of the lectin for a2,6-linked 
sialic acid renders this lectin a valuable tool for glycobiology studies in biomedical and 
cancer research. 
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Chd-pter I 
Introcfuction 
1. Introduction 
Lectins are carbohydrate-binding proteins of non-immune origin, which agglutinate 
cells and/or precipitate glycoconjugates/polysaccharides. The interaction of lectin with 
carbohydrates is very specific, as the enzyme-substrate, or antigen-antibody interactions 
[1-3]. Lectins may bind with free sugar or with sugar residues of polysaccharides, 
glycoproteins, or glycolipids (as in cell membranes) [4,5-7]. The term 'lectin' refers to 
the specificity of the reaction (Latin: lego, pp. lectum, to select + in). 
1.1 Occurrence: Lectins were first discovered in plant seeds in 1888 from castor beans. 
Now it is well known that these proteins are not only confined to plants but are also 
found in animals, insects and microorganisms [5,6-8]. The richest source of lectin in 
plants is the Leguminoceae family. Lectins have been discovered in other families like 
Verbenaceae, Malvaceae, Euphorbiaceae, Polygonaceae, Acanthaceae and Solanaceae. 
The main source of legume lectins is mature seeds but they are also present in other parts 
of the plant [3,5,6,9]. In general, plant tissues contain one type of lectin, however, some 
plant tissues may contain lectins with distinctly different molecular and carbohydrate 
binding properties. 
1.2 Carbohydrate binding specificity: The carbohydrate binding specificity of lectins 
have been studied by hapten inhibition of hemagglutination or glycoconjugate 
precipitation. Majority of lectins are galactose/N-acetylgalactosamine specific [10] 
followed by those that are specific for mannose and glucose [3,5]. Very few lectins are 
specific for N-acetylglucosamine or N-acetylneuraminic acid [11,12]. Some lectins are 
composed of subunits with different binding sites [13]. The lectin from the red kidney 
bean, Phaseolus vulgaris is composed of two different subunits, E and L, combined into 
five different forms of non-covalently bound tetramers. Since subunits have very 
different specificities for cell surface receptors, each combination is considered to have a 
different function [14]. The specificity of the binding sites of the lectins suggests that 
there are endogenous saccharide receptors in the tissues from which they are derived or 
on other cells or glycoconjugates with which the lectin specifically interacts. The 
isolectin, E4, for example, is a potent hemagglutinin but poor mitogen whereas the L4 is 
a potent mitogen and stimulates lymphocytes [15]. Lectins are classified into five groups 
according to their monosaccharide specificity; they are listed in Table I. Lectins having 
the similar specificity interact either with a or p anomer of a monossacharide, whereas 
others do not show much difference between a and P anomers. Many lectins tolerate 
some variation at C-2 position. Thus mannose specific lectins react with glucose and N-
acetylglucosamine. Some lectins tolerate variation at C-3 position but the configuration at 
C-4 hydroxyl group is critical so that mannose/glucose specific lectins do not combine 
with galactose. For some lectins it has been shown that the carbohydrate-binding site is 
complementary to two or more sugar units [3,5]. Oligosaccharides possess flexible 
conformation because of the rotation around glycosidic bond. Further, the ability of an 
oligosaccharide to combine with a lectin depends on its conformation. It is therefore, 
possible that two different oligosaccharides may adopt similar conformational format and 
react with a lectin similarly [3,5,6]. 
1.3 Molecular properties: Although legume lectins differ substantially in their 
carbohydrate binding specificity, they share many common physicochemical properties. 
Most of these lectins are composed of 2-4 subunits of molecular mass of 25,000-30,000 
Da, which are held by non-covalent interactions [9]. The subunits of legume lectins are 
usually identical or are very similar to each other, each containing a single sugar-binding 
site with the same specificity. Generally the subunits of legume lectins are made up of 
single polypeptide chain but in some cases they consist of two polypeptides. Con A is 
composed of a mixture of intact and cleaved subunits. Some lectins exist in more than 
one electrophoretically distinguishable form, the isolectins. Among these, some isolectins 
consist of subunits that have different sugar specificity [13-15]. 
1.4 Primary structure: The amino acid sequence of the known legume lectins exhibit a 
remarkable extent of homology. Lectins from the same tribe are more homologous to 
each other than to members of other tribes. Circular dichroism studies in the far 
ultraviolet regions of several lectins suggest a common structural fold in legume lectins. 
The predominant secondary structure is P-pleated sheet [16]. For example fava bean 
lectin possesses 38% p-structures and potato lectin possesses 40% p-structures. Lectins 
from jack bean, peanut, soyabean, pea and sainfoin also have extensive P pleated sheet 
structure [16-19]. 
1.5 Three-dimensional structure of lectin-carbohydrate complex: The overall 
structural organization of legume lectin is better conserved than their amino acid 
Table I 
Classification of lectins into specifity groups according to the monosaccharide that is 
the best hapten inhibitor of the lectin 
Specificity group 
I 
II 
III 
IV 
V 
X 
Specific Sugar 
Mannose (glucose) 
galactose/ N-acetyl-galactosamine 
N-acetyl glucosamine 
L fiicose 
Sialic acid 
interact only with oligosaccharide 
sequences. In general, most of the conserved amino acid sequences are hydrophobic in 
nature and are likely to be required for correct folding of the proteins [18]. Thus a subunit 
of legume lectin assumes a shape of a half dome during folding. The shallow depression 
on the apex of the dome constitutes the saccharide-binding site. This binding site is 
similar to that of the antigen binding sites present in antibodies. The main structural 
feature in a legume lectin is the presence of (5 sheet, which on facing one another 
produces a P sandwich structure, where some of the loops are organized to create the 
carbohydrate-binding site. Differences in the structure of legume lectins have been 
located in the loop regions. 
1.6 Metal requirements of lectins: Most legume lectins contain metal ions as an 
essential part of their native structure. Legume lectins such as Con A require calcium ions 
(Ca^ *) and manganese ions (Mn^ "^ ) for its activity. In Con A, the amino acids that 
coordinate the metal ions to the protein include an aspartic acid residue and an 
asparagines that also form hydrogen bonds with the monosaccharide in the combining 
site [5]. Thus the metal ions do not interact directly with the carbohydrate but help to 
position amino acid residues for carbohydrate binding. 
1.7 Lectin folding: Lectins are P-sheeted proteins, which shows high structural 
homology and sequential identity among its members. The fact that proteins with 
different sequences adopt the same fold suggests that the number of folding pathways is 
limited, probably, to a few hundred. The P-sheet class of proteins has been poorly 
represented in folding studies, even though this is critical for a complete understanding of 
the formation of the p sheet that differs from the folding properties of helical and mixed 
ct/p proteins [19]. Fig 1-3 shows the P-sheet structure of concanavalin A, Glycine max, 
Pisum sativum showing secondary structural elements with metal ions and sugars [20-
23]. In recent years, the participation of abnormal P sheet structures in Alzheimer's, 
Huntington's and prion diseases has been demonstrated [24]. 
1.8 Lectins confer resistance in plants towards insect infestation: Lectins are the only 
plant proteins that are capable of recognizing and binding glycoconjugates present on the 
surface of microorganisms or exposed along the intestinal tract of insect or mammalian 
herbivores. Most lectins are stable over a wide pH range, are able to withstand heat and 
are resistant to animal and plant proteases. Thus, they strongly resemble other defense 
Fig lA. Concanavalin A showing secondary structural elements with metal ions 
(20,21). 
Fig IB. Concanavalin A showing secondary structural elements with dimannose 
(20,21). 
Fig 2. Glycine max lectin showing secondary structural elements with metal ions 
and biantennary oligosaccharide (22). 
Fig 3. Pisum sativum lectin showing secondary structural elements with metal ions 
and sucrose (23). 
related proteins. Various plant lectins have shown insecticidal effects when fed to 
insects. Type 2 RIPs (Ribosome inactivating proteins), a special class of chimerolectins is 
known to be potent cytotoxic agents. Insects seem to react differentially upon feeding of 
type 2 RIPs. Ricin was highly toxic to the Coleoptera, Callosobruchus maculates and 
Anthonomus grandis [25]. Another type 2 RIP, a lectin from winter aconite (Eranthis 
hyemalis) was very toxic to larvae of Diabrotica undecimpunctata [26]. Wheat germ 
agglutinin (WGA) showed inhibitory effect on development of major pests of maize, the 
European com borer (Ostrinia nubilalis) and the southern com root-worm (Diabrotica 
undecimpunctata) [27]. The chitin-binding lectins from rice {Oryza sativa) and stinging 
nettle also inhibited larval growth of cowpea weevil [28-29]. Feeding trials with purified 
lectins from snowdrop {Galanthus nivalis) and garlic {Allium sativum) indicated that they 
are moderately active against chevdng insects, such as cowpea weevil and tobacco hom 
worm {Spodoptera litoralis) but are not toxic to mammalians [28-32]. Snowdrop lectin is 
the first to be effective on a sap sucking insect, rice brovm plant hopper [33]. Similarly, 
Rahbe and Febvay [34] have demonstrated that the lectin from Canavalia ensiformis 
(Con A) was a potent toxin of the pea aphid Acyrthosiphon pisum with no toxicity on 
mammals. 
1.9 Importance of lectins in glycobiology: Glycoconjugates possess a variety of 
structures, including glycoproteins and glycolipids and are found on the surfaces of 
animal, plant and microorganism cells [35]. Determination of the structures and the 
distribution of glycoconjugates on cell surfaces are important for understanding their 
biological function. Lectins are useful in this regard (protein-carbohydrate interaction), 
because they have specificity for defined carbohydrate structure [36]. They have been 
implicated in cell-to-cell recognition and signaling, blood group typing, in immune 
recognition process, various biological processes, such as viral, bacterial, mycoplasmal 
and parasitic infections, fertilization, cancer metastasis and growth and differentiation 
[37-39]. Table II summarizes lectin receptors recognized by microorganisms. Once 
thought to be confined to plant seeds, lectin are now recognized as ubiquitous in virtually 
all living systems, ranging from vimses and bacteria to animals. Plant lectins provide a 
rich source of carbohydrate-recognizing protein reagents for glycobiologists and 
biotechnologists. Biotechnology offers the various uses of lectin against certain life 
threatening diseases such as human immunodeficiency virus and cancer. 
Lectins as tool in meningitis and arthritis: Streptococcus suis is associated with many 
types of infections in pigs such as meningitis and arthritis as well as with human cases of 
meningitis and endocarditis [40]. To date, 35 capsular types of S.suis have been 
described, with capsular type 2 being most frequently isolated from diseased animals, 
which are rich in N-acetylneuraminic acid (NeuSAc) (sialic acid). Sialic acid has been 
proposed as an inhibitor of the alternative complement pathway activation and, as a 
result, could protect a sialylated microorganism from phagocytosis [41]. Lectins are easy 
and rapid alternative for identifying the presence of this sugar. In fact, Slifkin and Doyle 
have already described lectins as useful tools in clinical microbiology [42]. Some lectins 
have been found to bind sialic acids. 
Lectins recognize blood group specificity: The name 'lectin' originated from research on 
blood groups using hemagglutination, and many lectins have been reported which can 
recognize the difference in blood group antigens having the carbohydrate epitopes (ABO, 
Le, li, T, Tn, Forssman antigens, etc.) In the ABO blood group especially, lectins from 
Dolichos biflorus (DBA), Vicia villosa (VVA), Phaseolus lunatus (LBA), Glycine max 
(SBA) and Helix pomatia (HPA) potentially recognize blood group A-substance. Those 
from Griffonia simplicifolia I agglutinin B4 (GS-I (B4)) and Ulex europaeus I (UEA-I) 
recognize blood group B- and 0 (H)-substances, respectively. Lectins seem comparable 
to antibodies in their sensitivity, and this property is useful in clinical fields. For example, 
DBA is used to distinguish blood subgroup Ai from A2. UEA-I is used for the detection 
of the H-substance and determination of the secretor status. Many alterations in the 
glycosylation relating to blood group antigen in cancer have been reported [37,38]. HPA 
is used as a molecular probe for detection of the oncodevelopmental markers in breast 
cancer. These blood group-specific lectins mainly recognize the non-reducing terminal a-
N-acetylgalactosaminyl, a-fucosyl residues in-group A-, B-, and O (H) -substances. 
Many studies using immobilized lectins and structurally characterized oligosaccharides 
have indicated that lectins can recognize not only monosaccharide residues but also more 
complex internal sugar chain moieties [43-45]. 
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Lectins bind to glycoproteins: One of the major interests in this class of glycoproteins is 
the therapeutic use against HIV-1. Jacalin, a plant lectin, is found to completely block 
human immunodeficiency virus type 1 in vitro infection of lymphoid cells. This activity 
of the jacalin is attributed to its ability to specifically induce the proliferation of CD4+ T 
lymphocytes in humans. Recently, a limited number of plasma glycoproteins, including 
human plasma von Willebrand factor (vWF), blood coagulation factor VIII (FVIII) and a 
portion of a2-macroglobulin, have been found to contain covalently associated ABO 
blood group antigens, although their physiological role is still unclear [46-50]. Unlike 
human plasma von Willebrand factor (vWF), blood coagulation factor VIII (FVIII) and a 
portion of a2-macroglobulin, have been found to contain covalently associated ABO 
blood group antigens, although their physiological role is still unclear. Unlike secreted 
body fluids such as gastric mucins, which express the blood group antigens manly on 
their Ser/Thr-linked sugar chains, these plasma proteins have blood group antigens on 
their Asn-linked sugar chains, and their expression is not affected by the secretor status. 
In comparison to the blood group antigens on the glycolipids and Ser/Thr-linked sugar 
chains as in mucins [45,46,51] there is little information available about the binding 
specificities of blood group-recognizing lectins towards ABO (H) antigens on the Asn-
linked sugar chains. Glycophorin A (GPA) is the major sialoglycoprotein of the human 
erythrocyte membrane [35]. This glycoprotein contains two types of glycans, i.e. one N-
glycan and about 15 0-glycans per molecule; it has been used in numerous immu-
nochemical and biochemical structural investigations. GPA contains bisecting N-
acetylglucosamine in the N-Iinked glycan. Most of the 0-glycans of GPA contain two 
Neu5Ac residues [45,46,51,52]. Together with two sialic acid residues from the N-glycan 
they represent receptors, which can be recognized by appropriate lectins. The Psathyrella 
velutina lectin (PVL), Triticum vulgaris lectin (wheat germ agglutinin, WGA) exhibit as 
similar specificity, i.e. they recognize GlcNAc and Neu5Ac residues. The Sambucus 
nigra lectin (SNA-I) reacts with sialic acid bound a2-6 to Gal/GalNAc, which means it is 
sensitive to desialylation of the reactant. Lectins are currently being used to study the 
changes that occur on cell surface during physiological and pathological processes, i.e. 
from cell differentiation to cancer. They can also be used in histochemical studies of cells 
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Table II 
Lectin receptors recognized by microorganisms. 
microorganisms 
Fungi secrete proteins 
Gram-negative bacteria 
Gram-positive bacteria 
Protozoa 
Lectin receptors 
Arabinans, capsules, cellwall glucan, 
chitin, galactans, mannans 
Capsules, cytoplasmic membranes, 
lipopolysaccharides, outer membrane 
lipopolysaccharides, peptidoglycan, surface 
array glycoprotein 
Capsules, group-specific polysaccharides, 
peptidoglycans, surface arrays, lipoteichoic 
acids, teichoic acids, teichuronic acids 
Galactomannans, lipophosphoglycans, 
phosphoglycans, glycolipids, glycoproteins 
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and tissues in typing blood cells and bacteria, and for fractionation of lymphocytes of 
bone marrow cells for transplantation . 
Lectins as marker in cancer: Lectins are also useful markers of certain cancers, because 
these cell often display altered surface glycoproteins. Lectins present on the surface of 
tumor cells are targeted for therapeutic purpose [53]. It has been found that treatment 
with anti-lectin antibodies can suppress growth of tumor cells in agarose, and inhibit lung 
colonization in vivo. Lectins have the potential use in cancer treatment strategies due to 
the fact that lectins present on the surface of tumor cells are capable of binding 
exogenous carbohydrate-containing molecules and internalizing them by endocytosis [54-
57]. 
Lectins in immune response: Another interesting aspect of lectin activity is their ability 
to modulate immunological responses, with concanavalin A and phytohemagglutinin (as 
potent mitogens) serving as classical models. Endogenous receptors for major classes of 
mammalian lectins i.e. C- and I-type lectins, galectins and pentraxins, are intimately 
involved in cell adhesion and cell activity modulation. A plant and endogenous lectin 
mediated immune response [55,56] along with erdianced production of proinflammatory 
cytokines is a double-edged sword in txmior biology. The second case gives reason for 
guarded optimism to be on track for step-by-step evaluation of down regulating 
inflammatory and autoimmune processes therapeutically [57,58]. Certain lectins have 
been found to be mitogenic and cytotoxic, which raises the possibility of their being used 
as therapeutic agents in their own right, stimulating cell growth (during wound repair) or 
acting as self-targeted antitumour agents. Some lectins showing mitogenic activity have 
been isolated. Generally mitogenic lectins stimulate only T-lymphocytes but lentil lectin 
and wheat germ agglutinin stimulate both human B and T-lymphocytes. The most widely 
used mitogens are phytohemagglutinin and concanavalin A [59]. Since mitogenic lectins 
stimulate lymphocytes irrespective of their antigen specificity, this leads to greater 
response and therefore, it helps in the detection and study of the changes associated with 
proliferation [60]. 
Tissue lectin as targets: On the other hand, some lectins are expressed on the surface of 
human cells, and therefore can be used as a target for specific drug delivery. In 
vertebrates, two broad classes of lectins have been identified. The C-type lectins, such as 
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selectins and pentraxins, require calcium for carbohydrate binding. The S-type lectins, 
now known as the galectins, are calcium independent and are found in species ranging 
from C. elegans to humans. Well-studied galectins-1 and -3 are expressed on normal cells 
and over expressed in cancer cells. In contrast galectin-8 is expressed less in cancer cells 
when compared with normal cells. Mucin is a major ligand for galectin-3, and cancer 
cells [61]. Alterations in the production of the beta-galactoside binding protein galectin-3 
and of intestinal mucin have been independently correlated with the malignant behavior 
of human cancer cells [62]. Cancer cells with high levels of galectin-3 also had high 
levels of mucin, whereas those with low galectin-3 levels had low mucin levels. 
Alterations in galectin-3 levels by expression of sense or antisense galectin-3 constructs 
resulted in parallel alterations of mucin protein and RNA. Induction of antisense to 
galectin-3 in vivo were associated with decreases in both galectin-3 and mucin protein in 
xenografts [63-66]. 
Currently, the potential for medical applications in antiadhesion therapy or drug targeting 
of lectins is one of the major driving forces fuelling progress in glycosciences. Since the 
detailed specificities of different lectins can differ despite identical monosaccharide 
binding, the tissue lectins will eventually replace plant agglutinins to move from glycan 
profiling and localization to functional considerations. The two marker types, i.e. 
neoglycoconjugates (attachment of saccharides to proteins, polymers and other 
aglycones) and tissue lectins, track down accessible binding sites with relevance for 
involvement in interactions in situ. The documented interplay of synthetic organic 
chemistry and biochemistry with cyto-and histochemistry nourishes the optimism that the 
application of this set of innovative custom, prepared tools will provide important 
insights into the ways in which glycans can act as hardware in transmitting information 
during normal tissue development and pathological situations [67-70]. 
1.10 Role of lectin in plants: Several lines of evidence suggest that they may serve as 
storage or reserve proteins and act as cell recognition molecules. They are also involved 
in defence against bacterial, viral and fungal pathogens [5]. The involvement of lectins in 
Rhizobium legume interactions was indicated by the observation based on specific 
agglutination of Rhizobium phaseolus (this infects nodulous roots of phaseolus vulgaris) 
by the seed extracts of kidney bean (Phaseolus vulgaris). However, Dazzo et al provided 
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convincing evidence; they eluted the lectin from roots of white clover with 2-
deoxyglucose [71]. The lectin was localized on the tip of the root hairs where Rhizobia 
and their capsular polysaccharide were bound. These results suggested that the 
Rhizobium-legume interaction is mediated by the lectin, which served as a bridge 
between similar carbohydrates on both the root hair tips and Rhizobium [72-75]. 
1.11 Plant genetic engineering: lectin genes as an advantage: With the development of 
disease-, insect-, and drought-resistance crops, genetic engineering has addressed at least 
some of the environmental problems associated with conventional agriculture. The 
continual need to increase food production necessitates the development and application 
of novel biotechnologies to enable the provision of improved crop varieties in a timely 
and cost effective way. Different approaches to obtain insect resistant plants are presently 
being explored. The main approach uses 5-endotoxin coding sequences originating from 
the bacterium. Bacillus thuringuensis. The development of Bt transgenic plants was 
among the first biotechnology product of commercial relevance. The results concerning 
the transfer of Bt genes in tobacco and tomato were published in 1987 [76-78]. Since the 
Bt genes have been transferred to a number of other crop species such as cotton, rice, 
maize, soyabean etc. with lepidopterans as the main target pests. Higher plant genes 
encoding lectin and inhibitors of digestive enzymes in insects are viable alternative 
options for engineering insect resistance. In general, conferring resistance to plants for a 
susceptible insect the selected lectin will not be native to the plant, i.e., the lectin will 
come from a species other than the plant being transformed. However, in species that 
produce toxic lectins but not in sufficient amount as to kill insects, it may be preferable to 
insert a gene of the native lectin under strong constitutive promoter to cause over 
production, thus achieving insecticidal level. Alternatively, where a plant produces native 
lectin but the lectin is not produced or not distributed to tissues, which are normally 
infested by insects, a tissue specific promoter can be used to provide localized expression 
or over production. 
A gene encoding pea lectin (P-lec) has been expressed at high levels in transgenic 
tobacco plants using the CaMV 35 S promoter by Agrobacterium tumefaciens mediated 
transformation. Pea lectin expressing plants were then tested for leaf damage as well as 
larval biomass and both were reduced in transgenic plants. Transgenic potato plants 
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expressing GNA at 0.3-0.4% of total soluble protein were toxic to the potato aphid, 
Aulacorthum solani [77]. 
The incorporation of GNA in potato plants resulted in added protection against Myzus 
persicae and tomato moth, Lacanobia oleracea. The presence of GNA in transgenic rice 
plants expressing the protein at levels as high as 2% of the total soluble protein retarded 
development of the rice brown plant hopper {N. lugenes) and deterred its feeding. 
Bioassay of Laconobia oleracea (tomato moth) on Con A expressing potato plants 
showed that the lectin retarded larval development and decreased the larval weight by 
more than 45%, but had no significant effect on survival. It also decreased the 
consumption of plant tissue by larvae. Con A expressing potato decreased the fecundity 
of peach-potato aphid (M persicae) by upto 45%. Con A, therefore, has potential as a 
protective agent against insect pests in transgenic crops. Three insecticidal genes (Bt 
genes Cry 1 Ac and Cry 2A, and snowdrop lectin) were transferred into commercially 
important indica rice by particle bombardment [75-78]. 
1.12 Objective: Lectins, which have a high degree of carbohydrate specificity, make a 
useful model for protein-carbohydrate interactions. They are key players in many 
recognition events at the molecular or cellular level. Fungi, either mushrooms or 
filamentous fungi, often depend on host association (symbiosis or parasitism) and appear 
to use lectins for host recognition and /or adhesion. MoUer etal [79] have reported a sialic 
acid binding lectin involved in Flavobacterium psychrophilium adhesion that has been 
known to cause fish disease since the 1940s and is also a cause of bacterial cold war 
diseases. The plant lectins have been implicated in pathogenesis, cell elongation, defense 
against fungal attack and Rhizobium legume symbiosis. Unlike animals, plants do not 
have any immune system, but lectins are believed to interact with invading 
microorganism thus providing a line of defence to plants against various bacteria and 
fungi. Also invertebrate lack the immunoglobulin-mediated immunity as of vertebrates, 
many invertebrate lectins have been proposed to be involved in several molecular 
recognition processes including host defense mechanisms such as antibacterial agents. 
Alterations in protein glycosylation are associated with many diseases; these may be 
useful markers of disease state, reflecting changes in the environment in which proteins 
are glycosylated [79,80,81]. Both the carbohydrate structure and the concentration of 
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glycoproteins where such modifications have been described include the tumor products 
alpha-fetoprotein (AFP), chorionic gonadotropin (HCG), and alpha antitrypsin and the 
plasma proteins IgG, transferrin, a-1 acid glycoprotein and fibrinogen. Direct lectin 
targeting or glycotargeting relies on carrier molecules possessing carbohydrates that are 
recognized and internalized by cell surface mammalian lectins [82,83]. They have found 
their major applications in antiviral therapy, immunoactivation, enzyme replacement 
therapy and gene therapy. Reverse lectin targeting approach utilizes exogenous lectins as 
targeting moieties that target glycoproteins or glycolipids over expressed on the surface 
of cells [84]. Discovery during the last decade has shown that some lectins exhibit 
antitumor activites, e.g. Volvariella volvacea lectin [85] shows antitumor activity against 
sarcoma S-180 cells. Grifola frondosa lectin [86] is cytotoxic to Hela cells, Agaricus 
bisporus lectin possesses antiproliferation activites against human colon cancer cell lines 
HT29, breast cancer lines MCF-7. This led to the growing interest for searching new 
lectins having vmique carbohydrate binding specificity with potential application. As 
mentioned above, lectins are widely distributed in nature, being found in plants, fungi, 
viruses, bacteria, insects, and animals [87]. Despite their still poorly vmderstood 
biological function, the unique ability to recognize specific carbohydrate structures has 
made lectins invaluable tools for researches in many biomedical fields. Nevertheless, 
there are still a lot of promising possibilities of lectin carbohydrate interaction that need 
to be explored for fatal diseases and welfare for human kind. Hence three lectins form 
three different sources have been purified and their structural and functional aspects have 
been studied. 
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chapter II 
(purification ofcajanus cajan root 
lectin and its interaction with 
^izoBiaC [tpopotysaccharide as 
studied 6y different spectroscopic 
techniques. 
Published in Arch Biochem Biophys. 396,99-105. 
2.1 Aim of present study: Nitrogen fixation by leguminous crops involves specific 
interaction between root cells and rhizobia. These interactions are mediated by lectins, 
which serve as a bridge between similar carbohydrates on both the root hair tip and 
Rhizobium. When the rhizosphere is nitrogen-starved, legumes and rhizobia (soil 
bacteria) enter into symbiosis that enables the fixation of atmospheric dinitrogen [88]. 
This implies a complex chemical dialogue between partners and drastic changes on both 
plant roots and bacteria. Exopolysaccharides appear to be essential for early infection 
process. Lipopolysaccharides exhibit specific roles in the later stages of the nodulation 
processes such as the penetration of the infection thread into cortical cells or the setting 
up of the nitrogen-fixing phenotype [89]. More generally, even if active at different steps 
of the establishing of the symbiosis, all the polysaccharide classes seem to be involved in 
complex processes of plant defense inhibition that allow plant root invasion [90,91]. The 
investigations of Rhizobium legume recognition have generally made use of seed rather 
than root lectin because of the relatively high concentrations and ready accessibility of 
lectin in most of legume seeds [exceptions are possible, 92]. Absence of any firm 
knowledge of the extent to which data obtained with seed lectins can be extrapolated to 
root nodulation represents a major gap in this aspect. So the present studies were under 
taken to isolate and purify lectin from roots of Cajanus cajan and study its interaction 
with rhizobia. 
2.2 Materials and Methods 
2.2.1 Materials: Cajanus cajan seeds (Pusa-33) and rhizobial strain (IC-3169) were 
obtained from the Indian Agriculture Research Institute Pusa. New Delhi, India. 
Coomassie brilliant blue R-250, Phenyl methyl sulphonyl fluoride (PMSF), Nystatin 
(antifungal), Bovine serum albumin were purchased from Sigma St. Louis MO. USA; 
Acrylamide, N-N' methylene bisacrylamide, ammonium persulfate, sodium dodecyl 
sulphate, TEMED were obtained from SRL Pvt. Ltd. Bombay, India. 2-mercaptoethanol, 
ethylene diamine tetra acetate and other reagents were of analytical grade. Yeast extract, 
Mannitol, Agar powder were obtained from Hi Media Pvt. Ltd. Bombay, India. Mannose-
CL agarose matrix, N-acetyl galactosamine-CL agarose matrix were purchased from 
Bangalore Genei Pvt. Ltd. India 
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2.2.2 Germination of Cajanus cajan roots on soil and agar media: The Cajanus cajan 
root lectin was obtained from different day sample seedlings by the following procedure: 
thirum (a seed fungicide) treated Cajanus cajan seeds were allowed to soak overnight. 
Seeds were then grown on soil. In another set of experiment seeds were first rinsed with 
95% ethanol, washed thoroughly with sterile distilled water and germinated on moist 
filter paper in petri dishes. Germinated seeds were transferred on 0.8% agar slants under 
aseptic conditions at 28-300C. 
2.2.3 Preparation of root extracts: Healthy roots of different age groups grown on soil as 
well as agar were collected by cutting seedlings about 1/2-1 inch below the cotyledon 
and the excised roots were washed for a short time with TMB (0.05 M Tris, 0.5M NaCl, 
ImM CaCl2, ImM MgCl2), pH 7.4 containing 0.5 \ig/m\ PMSF, 1% acetone, 1% ethanol 
and O.IM EDTA. About 15,000mg wet weight of root segments were extracted with 
enough buffer to completely submerge the tissue in about 60ml. Different age group 
sample from the two sources were crushed separately and homogenised in above-
mentioned buffer. The homogenate was filtered through muslin cloth and then with 
Whatman No-1 filter paper. The supernatant was dialyzed against TMB. The dialysate 
was centrifuged at 10,000 rpm and was designated as 'root extract'. 
2.2.4 Measurement of lectin activity: The hemagglutination activity of root extract was 
performed in microtitre plates. The ability of lectin to interact with IgM was also assayed. 
The concentration of different age group samples obtained from both the sources was 
made equal. 
(a) For hemagglutinating activity equal volumes of root extract of different age 
groups were mixed separately with equal volume of 4% rabbit erythrocytes in normal 
saline. Sugar specificity was checked by hemagglutination-inhibition assay in the 
presence of 50 mM monosaccharides such as fucose, marmose, glucose, lactose, fructose, 
and sucrose. 
(b) For lectin-IgM assay an equal volume (1ml) of root extract (Img/ml) of different 
age groups was mixed with equal volume (1ml) of goat IgM (0.6mg/ml). Goat IgM was 
dissolved in 0.05M Tris HCl buffer containing 0.15M NaCl, 1 mM CaCh, 1 mM MgC^, 
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pH 7.4. The mixture was incubated at ST^ C for 1 hr. and then overnight at room 
temperature. The turbidity thus developed was measured at 350nm on a Hitachi UV-
Visible spectrophotometer (model U-1500). 
2.2.5 Affinity purification of lectin: An affinity column (mannose-CL agarose matrix) 
was preequilibrated with the operating buffer. Same amount of root extract of different 
age groups was loaded separately on a mannose and N-acetyl galactosamine affinity 
matrix. The column was washed thoroughly with operating buffer and bound lectin was 
eluted with 50mM mannose or 50mM galactose in TMB respectively. Protein content in 
the respective fractions was monitored by absorbance at 280nm. The peak fractions 
containing high protein content were dialysed against TMB. The hemagglutination 
activity was assayed by incubating equal volume of purified protein with equal volume of 
4% rabbit erythrocytes. 
2.2.6 Determination of protein and neutral sugars:?Totem was assayed by the method 
of Lowry el al. [93] using bovine serum albumin as standard. Lipopolysaccharide content 
was determined by the method of Dubois et al. using glucose as standard [94]. 
2.2.7 SDS'PAGE: SDS-PAGE was carried out according to the method of Laemmli et al. 
[95] in 15% gel with electrophoresis buffer containing 0.1% SDS in Tris glycine buffer 
(pH 8.53). The purified lectin was in a sample buffer containing 2% SDS in the presence 
of 2.5% 2-mercaptoethanol and sample was treated in water bath at lOO^C for 5min. 
2.2.8 Isolation of lipopolysaccharide fZ,/*5^:Rhizobial strains were grown in yeast 
mannitol media to mid-log phase at 28^0 in presence of nystatin as an antifungal agent. 
Cultures were centrifuged on Sorvall RC5C centifuge at 12,000 rpm for 30min. The 
pellet thus obtained was washed with Tris HCl, pH 7.4 and LPS was extracted by the 
procedure of Westphal and Jann [96]. LPS was estimated by the orcinol sulphuric acid 
method [94]. 
2.2.9 Interaction of Cajanus cajan seed lectin with rhizobia: A fixed number of 
bacterial cells [2.6x106 C.F.U./ml] was incubated with varying amounts of lectin (0.4mg 
- 4.0mg). The mixture was allowed to interact overnight at 30^C. The increase in optical 
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density was measured at 6]0nm on a CECIL double beam spectrophotometer model CE-
594. A parallel experiment was also set up as a control. In this experiment BSA replaced 
lectin in an incubation mixture containing bacterial cells. 
2.2.10 Effect of bacterial cell wall components on lectin-rhizobia complex: To 1 mg /ml 
of lectin lOmM of different bacterial cell wall components were added and incubated for 
6hrs. Bacterial cells were then added and incubated for another 6 hrs, measuring 
absorbance at 610 nm. The bacterial components taken in experiment were as follows: N-
acetylmuramic acid, N-acetylglucosamine and pentaglycine. 
2.2.11 Interaction of Cajanus cajan root lectin with rhizobial lipopolysaccharide: For 
circular dichroism and fluorescence studies, Cajanus cajan root lectin of concentration 
Img/ml was incubated with LPS of concentration Img/ml at SO^ C for 
5-6 hours. For sugar inhibition assay, lectin was preincubated with 50mM sugars such as 
mannose, glucose, galactose, fucose and N-acetyl galactosamine for 1 hour prior to 
incubation with LPS. 
2.2.12 CD measurements: AH circular dichroism (CD) measurements were carried out at 
2S^C on a Jasco spectropolarimeter model J-720 using a SEKONIC X-Y plotter (model 
SPL-430A), with thermostatically controlled cell holder attached to a NESLAB water 
bath model RTE 110 with an accuracy of ± O.IO^C. Far-UV CD spectra were taken at a 
protein concentration of 0.Img/ml with 1mm path length cell and the near-UV CD 
spectra was measured at Img/ml concentration with a 10mm path length cell. The CD 
results are expressed in millidegree as well as mean residual ellipticity [MRE]. CD 
spectra were recorded in the wavelength range for far-UV, 210run-245nm and for near 
UV, 250-300nm at 20 millidegree sensitivity. Protein was in lOmM phosphate buffer, 
pH 7.0 [97]. 
2.2.13 Fluorimetry: Fluorescence measurements were performed on Hitachi 
spectrofluorometer, model F2000. An excitation wavelength of 290 nm was used and 
emission spectra were recorded in the range from 300-400nm. Excitation and emission 
slit width were 5nm. All solution of protein was at a concentration of 0.5 mg/ml [98]. 
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2.3 Results 
The purification of Cajanus cajan root lectin grown under two different 
conditions (soil and agar) was carried out separately. 
2.3.1 Sugar specificity: The crude homogenate was assayed for hemagglutination activity 
and sugar specificity was assayed in the presence of various monosaccharides; the results 
can be seen from table III. Lectin was found to be glucose/mannose specific. These 
results indicate that specificity of the root lectin is similar to that of seed lectin as 
reported earlier [99]. 
2.3.2 Lectin-IgM interaction: The property of lectins to interact with glycoproteins like 
IgM was used to monitor the amount of lectin present in different days root homogenates. 
The amount of lectin present in root homogenate of different days' soil samples was 
monitored by turbidity method. The increase in the absorbance was due to lectin-IgM 
interaction. This is the modified procedure of turbidity measurement, which was followed 
to quantitate the lectin-IgM interaction. The results were consistent in proportion to the 
amount of precipitate formed [99,100]. 
The amount of specific protein (lectin) expressed in different days' root 
homogenate was monitored by turbidity method [Figure 4]. As can be seen, an equal 
amount of total protein in mg (Img/ml) of different days preparation was allowed to 
interact with equal concemtation of IgM [0.6mg /ml] showed no significant change upto 
8 days in the amount of turbidity developed. The root grovm in soil medium showed the 
maximum amount of turbidity for lO-day-old preparation. A similar observation was 
found for the root grown in agar medium along with the 30% decrease in turbidity as 
purified 10-day-old preparation grown on soil. 
2.3.3 Elation profile of different days' soil sample: The total amount of the affinity 
eluted protein in mg of different age groups soil sample is illustrated in figure 5. The 
samples of different age groups of equal concentration and equal volume were loaded on 
two different columns namely mannose-CL agarose and N-acetyl galactosamine-CL 
agarose matrix. As expected, there was no or little binding of the desired protein on an N-
22 
Table-Ill 
Effect of sugars on Cajanus cajan lectin hemagglutinating activity 
S.No. 
I 
2 
3 
4 
5 
6 
7 
Sugars (50mM) 
Control (Only lectin; 
Fucose 
Sucrose 
Lactose 
Fructose 
Glucose 
Mannose 
Hemagglutinating activity 
-H-+ 
+++ 
++ 
++ 
+ 
~ 
— 
+++symbol denotes 100% Hemagglutination activity 
++ symbol denotes 50% Hemagglutination activity 
+ symbol denotes 25% Hemagglutination activity 
symbol denotes 0%o Hemagglutination activity 
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acetyl galatosamine matrix. Interestingly, the total amount of the affinity-purified protein 
was maximum in 10 day old preparation followed by 5, 11, 4, 8 and 2 day respectively. 
So it can be predicted from the above data that different cultivars like soil and agar give 
different amounts of lectin on different days because of difference in age of tissue, 
extraction methods and slight variations in assay conditions used. 
2.3.4 Elution profile of Cajanus cajan root lectin: The elution profile of mannose-
specific lectin from 10-day-old roots is illustrated in figure 6. In a typical preparation, 
about 15,000mg wet weight of root segments were extracted and homogenized. The 
homogenate was loaded on a mannose-CL agarose column. The final protein yield of 
purified lectin was 0.006%. Of the total protein loaded on the column the final solution 
contained Img of the affinity purified protein in solution. 
2.3.5 SDS-PAGE of Cajanus cajan root lectin: The lectin with molecular weight 
markers was runned for SDS PAGE. The affinity purified root and seed lectin were 
subjected to electrophoresis under identical conditions in presence of 2-mercaptoethanol. 
The results obtained for marker proteins were analyzed by the method of least squares in 
the form of a linear plot of log M versus Rm [Figure 7]. The root lectin moved as a single 
band as revealed by SDS-PAGE. 
2.3.6 Circular dichroism of Cajanus cajan root lectin: The far UV CD spectrum of 
Cajanus cajan root lectin was monitored in lOmM sodium phosphate buffer, pH 7.0 
[Figure 8]. The lectin shows a negative trough around 225nm indicating the presence of 
P-pleated sheet structure as previously reported for seed lectin [99]. This spectral feature 
also resembles that of Concanavalin A [16]. 
2.3.7 Fluorescence spectra of Cajanus cajan root lectin: Figure 9 indicates changes in 
the fluorescence spectra of the lectin in presence of monosaccharide. The eluted affinity 
purified lectin for fluorescence studies was monitored in 10 mM Tris HCl buffer of pH 
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Days 
Fig. 4. Interaction of Cajanus cajan root extract (Img/ml) with goat IgM (0.6 mg/ml) 
assayed by turbidity method. 
25 
2 4 S 8 10 
Different days soil root homogenate 
11 
Fig. S.The total affinity content of purified protein in mg (concentration X volume) 
of different days samples on mannose-CL- agarose matrix. 
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Fig. 6. Elution proflle of mannose-glucose specific root lectin from mannose-CL 
agarose column. Root extract prepared in TMB from 10-day-old roots was allowed 
to bind the column matrix and the lectin was eluted in 0.5 ml fractions with TMB 
containing 50mM mannose. 
27 
• ^ ~ -
Fig. 7. SDS-polyacrylamide gel electrophoresis (15%) of the purified lectin under 
reducing conditions. Affinity purified root lectin sample (ISjag) was loaded (lane 2). 
Molecular weight markers: lactalbumin, carbonic anhydrase, ovalbumin, 
cytochrome c, myoglobin, soyabean trypsin inhibitor (lane 1). 
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Fig. 8. Circular dichroic spectrum of purified Cajanus cajan root lectin in lOmM 
sodium phosphate buffer, pH 7.0. 
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7.4. The emission spectrum of the purified lectin gives X at around 330nm indicating 
max 
presence of tryptophan residue. In order to monitor the binding of specific free 
monosaccharides, the monosaccharides taken were 50mM marmose, glucose, and 
galactose. Binding of a specific sugar like mannose, glucose, galactose could quench the 
fluorescence of an active site of the tryptophan but this cannot be a general phenomena. 
As can be seen from the scale mannose, glucose, galactose binding does not show any 
remarkable change in fluorescence intensity of lectin. So it can be possible that in the 
presence of free monosaccharides quenching is random. As there is a blue shift, 
quenching of tryptophan is possible due of solvent perturbation in the presence of 
different free monosaccharides. It can be predicted that free monosaccharides had no 
effect on the intrinsic fluorescence peak at 340nm. 
2.3.8 Interaction of seed lectin with rhizobia as studied by spectrophotometrically: As 
seed lectin was purified previously by our group to have a comparative study with root 
lectin [99] interaction of Cajanus cajan seed lectin with rhizobial cells was also studied 
by measuring the increase in absorbance at 610nm on a double beam spectrophotometer 
[Figure 10]. The rhizobia were agglutinated by lectin, leading to clumping and hence 
resulted in increase in turbidity. In respective control taken for every aliquot BSA in 
which there was no increase in turbidity replaced the lectin. An increase in turbidity was 
obtained with increase in amount of lectin that became constant at 3.6 mg of lectin. (BSA 
was taken as a control instead of lectin). Bacterial cell wall components showed 
asignificant inhibition effect on lectin-rhizobia complex. N-acetyl muramic acid inhibited 
100% while N-acetyl glucosamine showed 84% inhibition. Pentaglycine showed no 
inhibition (Table IV). N-acetyl glucosamine and N-acetyl muramic acid inhibited the 
lectin-rhizobia complex because both are cell wall components and has specificity for the 
mannose/glucose specific lectin. 
2.3.9 Cajanus cajan root lectin-lipopolysaccharide interaction as studied by 
fluorescence: Cajanus cajan root lectin-lipopolysaccharide interaction was studied by 
fluorescence spectroscopy [Figure 11]. A faint spectrum of LPS was observed. Lectin 
spectrum showed X^^ around 330nm. Binding of LPS to lectin resuhed in the 
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Fig. 9. Fluorescence emission spectra of (1) Cajanus cajan root lectin in the presence 
of (2) galactose, (3) glucose, and (4) mannose. 
31 
1 2 3 4 
Lectin concentration (mg) 
Fig. 10. Interaction of rhizobia with lectin from Cajanus cajan. Varying 
concentrations of lectin solution (0.4 -4.0 mg) were incubated with a fixed number of 
rhizobial cells (2.6 X 104 CFU/ml). The control was prepared in a similar way by 
using BSA instead of lectin. 
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Fig. 11. Fluorescence spectra of interaction of root lectin with rhlzobial 
lipopolysaccharide and its inhibition by mannose: (1) lectin, (2) lectin-LPS complex, 
(3) lectin-LPS complex + mannose, (4) LPS. 
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quenching of the spectrum of lectin, possibly because of the lectin-LPS interaction. LPS 
in its structure consists of N-acetylglucosamine, lectin must be interacting with N- acetyl 
glucosamine of LPS, resulting in the lectin LPS complex formation. When mannose was 
preincubated with lectin a different spectrum was obtained with further decrease in 
fluorescence intensity. Marmose due to its small size accomodates fittly at the 
carbohydrate-binding pocket thus masked the tryptophan residue(s). LPS is a large 
biomolecule and was not able to be fit exactly at the carbohydrate-binding pocket like 
mannose. Due to this reason it was not able to mask the tryptophan residue(s) as mannose 
did, resulting in less quenching of fluorescence intensity as compared to mannose. But 
when lectin was preincubated with 50mM mannose for one hour prior to incubation with 
LPS, marmose bound at the carbohydrate-binding pocket, resulting in the inhibition of 
lectin LPS complex formation. Thus, together these results suggest that mannose acted as 
reversible competitive inhibitor of LPS for the carbohydrate-binding site present in lectin. 
Other sugars like galactose, fucose and N-acetylgalactosamine showed no inhibition (data 
not shown). 
2.3.10 Cajanus cajan root lectin-lipopolysaccaride interaction as studied by circular 
dichroism: Interaction of purified Cajanus cajan root lectin with lipopolysaccharide was 
studied by circular dichroism (250-300mn) [Figure 12]. Interestingly, lectin-LPS 
complex showed an increased CD signal as compared to the individual CD spectra of 
lectin and LPS individually as control. Circular dichorism data is based on the signal 
obtained by im and n T: transition. LPS being a giant molecule as compared to mannose, 
bounds more strongly to the lectin as compare to mannose and resulting in the enhanced 
CD signal. When lectin was preincubated with mannose, prior to incubation with LPS, 
mannose inhibited lectin LPS complex formation. Thus, results indicate that the binding 
site of LPS and marmose is same and binding of marmose to lectin inhibited the lectin 
LPS interaction. Preincubation of lectin with mannose resulted in a decrease of 
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Table-IV 
Effects of bacterial cell wall components (CWC' 
CWC (lOmM) 
N-acetylmuramic acid 
N-acetylglucosamine 
Pentaglycine 
on Lectin-Rhizobia complex 
%Inhibition 
100 
84 
0 
35 
250 
Wavel»ngth (nm) 300 
Fig.l2. Circular dichoric spectra of interaction of Cajanus cajan root lectin with 
rhizobial lipopolysaccharide and its inhibition by mannose: (1) Lectin, (2) L.P.S., (3) 
Lectin-LPS complex, (4) Lectin-LPS + mannose. 
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the CD signal as compared to lectin-LPS complex, which indicates that the lectin-LPS 
interaction is specific. Thus CD results are in consistent with the fluorescence results. 
2.4 Discussion 
Most of the aspects studied for the root lectin discussed in this paper were found to 
be similar to that of seed lectin as we reported earlier [99]. Hemagglutination activity of 
root lectin was inhibited by mannose, which is the most potent monosaccharide inhibitor, 
followed by glucose [see Table III]. This suggests that this lectin is somewhat 
glucose/mannose specific. The lectin expressed in root homogenate was highest in 10-day 
preparation while in other case root lectin showed maximum expression for 5 and 7 days 
[101, 102]. The molecular weight of root lectin was almost identical as that of seed lectin 
giving the indication of presence of isolectins. The fluorescence spectra of lectin showed 
Xmax around 330nm, which corresponds to presence of tryptophan among its amino acid 
residues. The far-UV CD spectrum of lectin showed a trough at 225nm, which is 
characteristic of a P-pleated structure. The yield of lectin on soil was greater as compared 
to agar. This indicates that certain metal ions and nutrients are probably required for the 
seedlings to grow, which were absent or were insufficiently present in the agar medium. 
It is difficult to explain the physiological function of this lectin. The lectin may play a 
role in immobilizing bacteria as defense reaction. Since lectin is present on the surface of 
legume roots, it must be interacting with carbohydrate sequences of rhizobial surface 
receptor. Interactions occurring outside the plant are presumably due to surface 
associated lectins which could mediate some direct and more specific recognition 
processes necessary to allow the recognition of symbiotic or pathogenic soil bacteria by 
the legume host plant. Recently, nod H and nod PQ genes responsible for the host range 
specificity of Rhizobium meliloti towards alfalfa {Medicago sativa) were shown to be 
involved in the production of extracellular symbiotic Nod signals [103]. A Nod Rm-1 
signal, which is a sulphated, and acylated glucosamine tetrasaccharide [104,105] isolated 
from R. meliloti strains over producing symbiotic Nod signals, specifically elicited root 
hair deformation on the host plant when used at nanomolar concentration. Nod Rm 1 and 
the related compound Ac Nod Rml also elicited cortical cell division and the formation 
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of genuine nodules on aseptically grown alfalfa seedlings [106]. In fact the major host 
range genes nod H and nod PQ determine the sulfation of the extra cellular nod signals. A 
transgenic white clover seedling harbouring a pea lectin gene was shown to be nodulated 
by R. leguminosarum hv. vicieae. indicating that plant lectins could be determinants of 
symbiotic specificity [107]. Besides this information about the signaling occurring in 
Rhizobium-legumQ interactions, little is known about the mechanism by which bacteria 
specifically signal to their host plants. On this basis the interaction was studied by 
circular dichroism, fluorescence and spectroscopy. The interaction was inhibited by a 
specific sugar i.e. mannose which further reconfirms the specific interaction between 
lectin and rhizobia. 
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chapter III 
MoCten g[o6uie-Ci^ state of 
concanavaCin Ji retains its 
carSoHydrate Binding specificity 
< ^ 
Spectroscopic studies on the 
protective effect of specific sugar 
on concanavaCin Ji at acidic, 
neutraC and aC^Cine pJ-C. 
published in Biochem. Biophys. Res. Comm. 331,1284-1294, 
published in Cell & Mol Bio Letts 10, 61-72. 
3.1 Aim of present study: Protein folding is the process by which amino acid sequence 
of a protein determines the three-dimeniional confonnation of the functional protein. The 
elucidation of the molecular mechanism of protein folding from a disordered polypeptide 
chain to specific native state, that is the deciphering of second half of the genetic code 
[104], remains one of the major challenges in biochemistr>' [108]. Study of the folding 
intermediates and denatured states provides an insight to understand how and when 
various forces come into play in directing protein folding [109-113]. The development of 
a broad range of techniques has led to the identification and characterization of stable 
folding intermediates, termed "molten globules", that have been shown to be compact 
structure with pronounced secondary structure but lacking rigid tertiary structure [114-
115]. Extensive study of sequence homology and 3-D structure of various lectins suggest 
that they are conser/ed throughout evolution and thus may play an important role in the 
physiology of plants. Though their exact role in plants is still unknown, lectins have been 
implicated in pathogenesis, cell elongation, defense against fungal attack and Rhizobium 
legume symbiosis. Unlike animals, plants have no immune system but lectins are 
believed to interact with invading microorganism thus providing a line of defense to 
plants against various bacteria and fungi. The recognition of carbohydrate determinates 
by lectins plays an important role in mediation of intercellular binding and elicitation of 
biosignaling processes [116-118]. 
Con A is a lectin from jack bean, and is a well-studied protein because of its 
molecular structure and many medical applications. The predominant secondary' structure 
in con A is p-pleated sheet structure [16]. More than half of amino acid residues of the 
protein exist in P-conformation. But still a central question in biological chemistry is the 
minimal structural requirement of a protein that would determine specificity and activity. 
The underlying basis of the entire structural element of a protein with regards to its 
activity vis a vis the overall integrity and stability of the protein is lacking. Here novelty 
lies in the characterization an intermediate of con A with the molten-globule like 
properties in the presence of polyethylene glycols that retains its carbohydrate binding 
specificity. 
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Materials and Methods 
3.2.1 Materials: Con A, ovalbumin, ovomucoid and glycogen were purchased from 
Sigma, St. Louis, MO, USA. Dextran was purchased from BDH chemicals Ltd. Poole, 
England. PEG 200 and 400 was purchased from Qualigens fine chemicals. All other 
chemicals used in this study were of analytical grade. 
3.2.2 Purification of concanavalin A: The purity of commercial preparation was 
checked by SDS PAG elecfrophoresis [95]. Activity of purified preparation was checked 
by agglutination against 2% trypsinzed rabbit erythrocytes. Alternatively, con A was also 
purified from jack bean extract following the methods of Agrawal and Goldstein [16]. 
One hundred grams of jack bean meal was soaked overnight in 500 ml of 0.5 M sodium 
chloride at 4°C. The suspension was stirred for four hours and filtered through muslin 
cloth. The residue was extracted with 300 ml of 0.5 M sodium chloride solution. The 
suspension was again filtered through muslin cloth. The homogenate thus obtained was 
centrifliged in a Remi centrifuge model RC5C at 6000 rpm for 30 minutes. Solid 
ammonium sulfate was added to supernatant to achieve 30% saturation. Precipitation was 
allowed to proceed overnight. The 30% precipitate was removed by centrifugation and 
the percent saturation raised to 80% by the addition of ammonium sulfate. The pH of the 
suspension was adjusted to pH 7.0 by the addition of 0.5 M ammonium hydroxide. After 
twelve hours the precipitate was collected by centrifugation and dissolved in minimal 
volume of water. It was first dialyzed against water and then against 10 mM Tris/HCI 
buffer, pH 7.0, containing 0.5 M sodium chloride, 1 mM calcium chloride, 1 mM 
manganese chloride and 1 mM magnesium chloride. The protein precipitated during 
dialysis was removed by centrifiigation and the clear supernatant was used for further 
purification of Con A that was carried out by affinity chromatography using mannose CL 
agarose as affinity chromatography medium. 
3.2.3 Affinity chromatography: The fraction which precipitated between 30-80% 
ammonium sulfate saturation was applied on marmose CL column equilibrated with 10 
mM Tris/HCI buffer, pH 7.0, containing 0.5 M sodium chloride, 1 mM calcium acetate, 1 
mM manganese chloride and 1 mM magnesium acetate. The unbound proteins were 
eluted and monitored specfrophotometrically. The column was washed with volume of 
eluting buffer, which was ten times the total volume of the column. When the eluate 
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became free of protein, the bound Con A was eluted with 0.1 M glucose in TM-buffer pH 
7.0. Glucose was removed from the protein by extensive dialysis at 4°C. 
Effect of pH: Solutions for CD and fluorescence were brought to the desired pH by 
exhaustive dialysis against the appropriate buffer. Buffers were 0.02 M glycine HCl for 
pH 2-3, sodium acetate for pH 4-5, sodium phosphate for pH b-8 and glycine NaOH for 
pH9-10. 
3.2.4 CD measurements: CD was measured with a JASCO J-720 spectropolarimeter 
calibrated with ammonium D-10-camphorsulphonate. A cell of path length 0.1 and 1 cm 
was used for scanning between 250-200nm and 300-250 rrni respectively. Protein 
concentration of the samples was t>pically 15|iM and 30 i^M in 60mM phosphate buffer 
of pK 7.0 for the far-UV and near-UV CD studies respectively. The results were 
expressed as mean residue ellipticity (MRE) in degree cm^/dmol, which is defined as 
MRE = Gobs (mdegyiO x n x Cp x 1 where Oobs is the observed ellipticity in degrees, Cp is 
the molar fraction and 1 is the length of light-path in cm [97]. 
3.2.5 Fluorescence measurements: Fluorescence spectra were recorded with a Shimadzu 
RP 540 spectrofluorometer in a 10 mm path length quartz cell. Samples containing con A 
with different concentration of PEG 200 and PEG 400 were equilibrated at room 
temperature for 30 minutes before recording for tryptophan fluorescence measurement. 
The excitation wavelength was 280 nm and emission wavelength was recorded from 300 
to 400 nm respectively [98]. The final protein concentration was 15 ^M. For each sample 
proper blank was taken into consideration. 
3.2.6 ANS fluorescence measurements: ANS binding was measured by fluorescence 
emission with excitation at 380 nm and emission was recorded from 400-600 nm 
respectively [119]. Typically, ANS concentration was 100 molar excess of protein 
concentration and protein concentration was in the vicinity of 15 |uM in 60 mM 
phosphate buffer, pH 7.0. It should be noted that PEG itself binds to ANS, therefore to 
avoid anomaly, proper blank was made for every point. 
3.2.7 Size exclusion chromatography (SEC): SEC experiments were performed on a 
seralose 6B (74 X 1.1) cm column. The column was pre-equilibrated with 60mM sodium 
phosphate buffer pH 7.0 and 30% PEG 400 or 200. Two milliliters of 3mg/ml native and 
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protein in 30%(v/v) PEG 400 or 200 were applied to the coliamn and eluted at 20ml/hr. 
The eluted fractions were read at 280nm. 
3.2.8 GdnHCl stability studies: To determine the GdnHCl stability of the intermediate 
state in the presence of PEGs relative to the native, changes in absorbance at 292nm, 
fluorescence at 337nm and CD at 223nm were measured, as a function of GdnHCl. 
Protein concentration was 15|iM for CD and fluorescence respectively and 30|4.M for 
absorbance measurements. 
3.2.9 Precipitation reaction: The interaction of con A (0.5mg/ml) with polysaccharide or 
glycoprotein (1.5mg/ml) was studied in lOmM TM (Tris HCl Metal ion [Ca"", Mn" ]) 
buffer (pH 7) by turbidity method at 350 nm on spectrophotometer model Hitachi U 1500 
and at 410 nm Shimadzu RF 540 spectrofluorometer [96,99,100]. For each sample proper 
blanks of native, polysaccharide or glycoprotein were taken into account. 
3.2.10 Inhibition reaction: The inhibition of precipitation was measured by incubating 
con A (0.5mg/ml) with polysaccharide or glycoprotein (1.5mg/ml) in lOmM TM buffer, 
pH 7 in presence of increasing concentration of PEG 200 and PEG 400 separately and 
subsequently determining the percent decrease in absorbance at 350 nm and 410nm 
[100,120]. 
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3.3 Results 
3.3.1 Purification of Con A: The elution profile of Con A is shown in figure 13A. Ten 
gram of crude protein was loaded on spehadex column. The total protein eluted was 0.1 
gram and revealed single peak. The percent yield was 1 %. The hemagglutinating activity 
of eluate was checked against trypsinized rabbit red blood cells and the titer was 5. SDS-
PAGE of Con A in 0.1% SDS was carried out in Tris-glycine buffer, pH 8.3. Yield of the 
electrophoretic pattern is shown in figure 13B. Con A migrates as many as five protein 
bands; the major band with high intensity was the slowest in mobility. The other four 
minor bands were fast moving and were of low intensity as compared to major band. The 
presence of minor protein band may be ascribed to the presence of broken polypeptide in 
segments of Con A. Only the major band corresponding to protein monomer was 
considered as that of native Con A. 
3.3.2 Interaction of Con A with polysaccharides (Dextran (al-6), Glycogen (al-4)) and 
glycoproteins (Ovalbumin (1-2-linked a-D-mannopyranosyl), Ovomucoid (Glc NAc 
P(l-4) (l-2)-Man a(l-3)): Figures 14A and B show the precipitin reaction curve of 
dextran, ovalbumin, ovamucoid and glycogen studied by turbidity method at 350nm and 
410nm using spectrophotometer and spectrofluorometer respectively. In order to rule out 
the possibility of aggregation, proper blanks of con A and glycoproteins or 
polysaccharide were taken into consideration. The turbidity developed due to interaction 
of con A with the above-mentioned ligands was maximum in glycogen (curve!) followed 
by ovalbumin (curve 2), ovamucoid (curve 3) and dextran (curve 4). 
Effect ofPEGs on the structural properties of Con A as studied by different optical 
spectroscopic methods 
3.3.3 CD measurements: FigurelSA shows the far-UV CD spectra in the 250-200 nm 
range of con A in the presence of different concentrations (%v/v) of PEG 200 and 
400.The absorption of PEG alone was taken into account and here we report the 
subtracted spectra. As can be seen firom the figure the native con A exhibits a trough 
(negative peak) at 223 nm (curve 4). The position of the trough is a characteristic feature 
of the P-conformation in lectins. At 30%(v/v) PEG 200 (curve 5) the position of trough 
remains at 223nm with slight increase in negative MRE while at 30%(v/v) PEG 400 
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(curve 6), a blue shift of 4nm was obtained with fiirther increase in negative MRE, 
indicating the existence of a compact state. At 70% (v/v) PEG 200 (curve 3) a red shift of 
2 nm v^th decrease in negative MRE is obtained. PEGs induce an intermediate compact 
state appearing during the structural transition fi-om the native to an unfolded state. Such 
types of transitions have also been reported earlier in a number of proteins [121,122]. The 
effect of PEGs i.e. 200 and 400 on con A was studied by measuring the MRE at 223 nm 
(fixed wavelength analysis, figure 15B). Upto 30% (v/v) PEG diere was more induction 
of secondary structure while at 70% (v/v) there was a significant loss of secondary 
structure at this wavelength. An increase in MRE at 30%(v/v) PEGs can be suggestive of 
an increase in secondary structural content, as polyols induce a higher secondar>' 
structure in native state upto a certain concentration. As the concentration of PEGs 
increases, the polarity of the solvent decreases, creating the hydrophobic environment, 
which results in disruption of secondary structure. As PEG is hydrophobic in nature, it 
may interact favorably with the hydrophobic side chains exposed upon unfolding. So, 
most probably the PEGs perturb the structure of the protein surface, partially modifying 
the layer of water and the microenvironment of the aromatic residues, which is in 
agreement with the observed alterations in CD spectrum (see Table V). 
The CD spectrum in the near-UV region was used to probe the asymmetry of the proteins 
aromatic amino acids environment [123]. Figure 16 shows the near-UV CD spectra in the 
300-250nm range of native preparation (curve 1), at 30%(v/v) PEG 400 (curve 2), at 30% 
(v/v) PEG 200 (curve 3), at 70%(v/v) PEG 200 (cur.'e 4), at 70% (v/v) PEG 400 (curve 
5), and in the presence of 6M GdnHCl (curve 6). The two prominent positive peaks at 
292 and 283nm characterize the near-UV CD spectrum of native con A. As can be seen 
from figure, at 30%(v/v) PEG 400 and 200 there is loss in MRE values with broaden 
peaks at 292 and 283nm. Near-UV CD signal show that the spectra at 30%(v/v) PEGs 
resemble more that of native protein as compared to that at 70%(v/v) PEGs where 
significant structure is loss or to the completely unfolded state in 6M GdnHCl. At 
70%(v/v) PEGs loss of tertiary structure was more in PEG 400 than 200 (curve 5 and 4). 
From our CD data we conclude that at 30%(v/v) PEGs there was retention of native 
secondary as well as partial tertiary structure. These results shows that con A at 30%(v/v) 
44 
0.25 
Fig. 13A. Elution profile of mannose-glucose specific lectin from mannose-CL 
agarose column. Jack bean seed extract prepared in TMB was allowed to bind the 
column matrix and the lectin was eluted in 0.5 ml fractions with TMB containing 
50mM mannose. 
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Fig. 13B. SDS-PAGE (15%) of purified lectin under reducing conditions. Lectin 
sample (15fxg) was loaded. 
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Fig 14A. Quantitative precipitin reaction curve of con A-glycogen (curve 1), con A-
ovalbumin (curve 2), con A-ovomucoid (curve 3), con A-dextran (curve 4) at 350 nm 
on spectrophotometer in TM buffer, pH 7 
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Fig.l4B.Quantitative P)-ecipitin reaction curve of con A-glycogen (curve 1), con A-
ovalburain (curve 2), con A-ovomucoid (curve 3), con A-dextran (curve 4) at 410 i^ m 
on spectrofluorometer »„ TM buffer, pH 7 
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Fig.lSA. Far-UV CD spectra of concanavalin A as a function of PEGs in 60 mM 
sodium phosphate buffer, pH 7.0. Curve 1 represents 6 M GdnHCl denatured con 
A, curve 2 represents con A with 70%(v/v) PEG 400, curve 3 represents con A with 
70%(v/v) PEG 200, curve 4 represents con A at pH 7 alone, curve 5 represents con 
A with 30%(v/v) PEG 200, curve 6 represents con A with 30%(v/v) PEG 400. The 
protein concentration was 15 fim and the pathlength was O.lcm. 
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Fig.lSB. Effect of increasing concentrations of polyols %(v/v) i.e. PEG 400 (•) and 
PEG 200 (^) on ton A at pH 7 as followed by eliipticitj- measurements at 223 nm. 
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Fig. 16. Near-UV CD spectra of con A (curve 1), at 30%(v/v) PEG 400 (cur\'e 2), 
30%(v/v) PEG 200 (curve 3), at 70%(v/v) PEG 200 (curve 4), 70%(v/v) PEG 400 
(curve 5) and 6 M GdnHCI denatured con A (curve 6) in 60 mM sodium phosphate 
buffer, pH 7.0. The protein concentration was 30 ^m and the pathlength was 1cm. 
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Table V 
Structural propensities of intermediate states of concanavaiin A as studied by far-
UVCD 
State 
Native 
PEG 200 
PEG 200 
PEG 400 
PEG 400 
Conditions 
pH 7.0,25°C 
pH 7.0,25°C, 30 % (v/v) 
pH 7.0,25°C, 70 % (v/v) 
pH 7.0,25°C, 30 % (v/v) 
PH 7.0,25°C, 70 % (V/V) 
Cm 
nd 
42%(v/v) 
30%(v/v) 
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PEGs exists as a compact state and is stabilized by inter-chain interactions. 
3.3.4 Intrinsic tryptophan fluorescence: The intrinsic fluorescence maximum (Xmax) is 
an excellent parameter to monitor the polarity of tryptophan environment in the protein, 
and is sensitive to the protein conformation [98]. Contribution of PEG alone to the 
emission spectra was taken into account and we report here the subtracted fluorescence 
spectra. Figure 17A depicts the tryptophan fluorescence emission spectra of con A in the 
absence and presence of various concentrations of PEGs. The emission maximum of 
native protem was obtained at 337nm (curve 1) and a red shift of 9 nm was observed in 
the completely unfolded state in 6M Gdn-HCl as all four tryptophan are exposed to 
solvent (curve 6). At 30%(v/v) PEG 200 (curve 2) and PEG 400 (curve 3) there was 11% 
and 13% increase in fluorescence intensity with 3nm red shift relative to native 
preparation. On increasing the concentration of PEG 200 and 400 upto 70%(v/v) (curve 
4, 5), there was a fiirther increase in fluorescence intensity, suggesting exposure of 
tryptophan residues from non-polar to polar environment. Relative to PEG 200, the 
increase in fluorescence intensity was more in PEG 400. This is possibly due to the 
presence of more hydroxyl groups in PEG 400 than PEG 200. Figure 17B depicts the 
fluorescence intensity at 337nm as a ftmction of %(v/v) PEGs. On increasing the 
concentration of PEGs, there was enhancement in fluorescence intensity. However, at 
30%(v/v) PEG, there is only a slight red shift in the wavelength emission maxima (Xmax) 
as compared to a significantly red-shifted spectrum of the completely unfolded state in 
6M GdnHCl, indicating that the tryptophan environment resembles the native form of 
con A. 
3.3.5 ANS fluorescence: FigurelSA shows ANS fluorescence emission spectra of con A 
at pH 7 in presence of PEG 200 and 400. As can be seen from the figure, maximum 
increase in ANS emission intensity with a blue shift in emission maximum in con A was 
at 30%(v/v) PEG 400 (curve 5) and 200 (curve 4) followed by 70% (v/v) PEG 200 (curve 
3) and 400 (ciirvc 2). Native con A in the absence of PEGs showed negligible ANS 
binding (curve 1). Since ANS is known to bind to hydrophobic patches on protein, 
binding of ANS to hydrophobic regions of protein has been widely used to study the 
folding intermediates formed during protein folding. As molecules of ANS bind to 
hydrophobic surfaces on the protein with greater affinity, it can be concluded that at 
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30%(v/v) PEGS a compact intermediate with remarkable increase in number of solvent 
accessible non-polar clusters of con A exists [124,125]. The emission maximum at 30% 
(v/v) PEGs blue shifts to 482nm relative to native (500nm), fiirther suggesting that ANS 
binds to protein. Figure!8B depicts tlie ANS fluorescence intensity at 480 nm as the 
function of %(v/v) PEG. The notch in figure 18B at 30%(v/v) PEGs indicates an 
intermediate appearing during the structural transition fi-om native to polyol (PEG)-
induced state. There was a further decrease in ANS fluorescence at 70%(v/v) PEGs 
because of disruption of hydrophobic patches. 
3.3.6 Size exclusion chromatography: Since con A is a non-covalently associated 
tetramer at pH 7, one possibility is that the intermediate seen in spectroscopic studies in 
presence of PEGs must be compact (resembling native state) as compared to 6M Gdn-
HCl. To clarify this issue, size exclusion chromatography was performed. The gel 
filtration analysis of native con A at pH 7 on seralose 6B column confirms the tetrameric 
nature of the protein (the elution volimie corresponds to a molecular mass of 104 KDa). 
Gel filtration analysis in the presence of 30%(v/v) PEGs showed decrease in elution 
volume corresponding to less compact con A as compared to native (see Table VI). This 
indicates that the dimensions of the molecule have slightly increased in the presence of 
polyols. The elution volume in presence of 70% (v/v) approaches to 6 M GdnHCl that 
further confirms that the state at 70%(v/v) resembles the denatured state. At 30 %(v/v) 
PEGs an intermediate value of elution volume is obtained, suggesting that the protein is 
relatively compact at this PEG concentration and resembles to native state. The state 
obtained in presence of PEG 200 was found to be more compact (less increase in Ve) 
than that in PEG 400. Thus, the results indicate a slight increase in the hydrodynamic 
dimensions of the lectin in presence of PEGs, which could be due to loosening of tertiary 
contacts. However, native like tertiary structure is retained as compared to complete loss 
of structure at 6 M GdnHCl. 
3.3.7 GdnHCl stability studies: The fluorescence intensity at 337nm as a function of 
GdnHCl is depicted in figure 19A. As can be seen fi-om the figure, PEG 400 resists the 
loss of structure in presence of increasing concentration of GdnHCl than PEG 200 and 
native. The fraction of protein denatured (fo) of con A at pH 7 and in presence of 
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wavelength (nm) 
Fig.l7A.Tr>'ptophan fluorescence emission spectra of con A in 60 mM sodium 
phosphate buffer, pH 7.0 (cur\'e 1); curve 2 represents con A at 30%(v/v) PEG 200, 
curve 3 represents con A at 30%(v/v) PEG 400, curve 4 represents con A at 
70%(v/v) PEG 200, curve 5 represents con A at 70%(v/v) PEG 400, curve 6 
represents 6 M Gdn HCl-denatured con A. The protein concentration was 15 ^m 
and the pathlength was 1cm. 
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Fig.lTB. Effect of increasing concentrations of polyols %(v/v) i.e. PEG 400(*) and 
PEG 200 (^) on con A at pH 7 as followed by fluorescence intensity measurements 
at 337 nm. 
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Fig.lSA. ANS fluorescence emission spectra: native con A (curve 1); con A in the 
presence of 70%(v/v) PEG 400 (curve 2), 70%(v/v) PEG 200 (curve 3), 30%(v/v) 
PEG 200 (curve 4), 30%(v/v) PEG 400 (curve 5) in 60 mM sodium phosphate buffer, 
pH 7. The protein concentration was 15 |im and the pathlength was 1cm. 
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Fig.lSB. Effect of increasing concentrations of polyols %(v/v) i.e. PEG 400 (•) and 
PEG 200 (A) on con A at pH 7 as followed by ANS fluorescence at 480 nm. 
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Table VI 
Elution volume of intermediate states of concanavalin A as studied by size exclusion 
ch romatography 
Properties 
Native 
PEG 200 
PEG 200 
PEG 400 
PEG 400 
GdnHCl 
Conditions 
pH 7.0,25°C 
pH 7.0,25''C, 30 % (v/v) 
pH 7.0,25°C, 70 % (v/v) 
pH 7.0,25°C, 30 % (v/v) 
pH 7.0,25°C, 70 % (v/v) 
pH 7.0,25°C, 6 M 
Elution Volume (Ve) (ml) 
145 
130 
112 
118 
110 
109 
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30%(v/v) PEGs with increase in GdnHCl denaturation is shown in figure 19B. fo of con 
A at pH 7 and in the presence of 30% PEGs were calculated taking con A at pH 7. in the 
presence of 30%(v/v) PEGs at OM GdnHCl as native point respectively. At pH 7, no 
intermediates were present in detectable amount, thus it showed a single-step, two-state 
cooperative transition, hi the presence of PEGs too, a single-step, two-state weakly 
cooperative transition was obtained. The weakly cooperative unfolding of PEG-con A 
was indicative of its molten-globule like nature. There are similar examples in many 
globular proteins including equine, canine, cytochrome c and SNase [126-128]. Fraction 
denaturation was least in PEG 400 followed by PEG 200 and native. This shows GdnHCl 
denaturation was less in presence of PEG 400 than 200. hi native con A, a sigmod curve 
is obtained with large variation range in fo while in PEG-con A, the narrow range is 
obtained. Figure 19C shows the change in MRE values at 223rmi. The transition of native 
was found to be cooperative while of PEG 200 and 400 was weakly cooperative. The 
transitions were consistent with the fluorescence results. Figure 19D shows the changes 
in extinction coefficient as the function of GdnHCl at 292nm by absorption spectroscopy. 
30%(v/v) PEG 200 and PEG 400 exhibit a single-step, two- state transition similar to 
native. From GdnHCl data, we conclude that during unfolding transition of native, 30 
%(v/v) PEG 200 and PEG 400-con A, no detectable intermediates were obtained. The 
analysis of the denaturation profiles of native con A and in the presence of 30%(v/v) 
PEGs shows their unfolding was cooperative and weakly cooperative respectively. 
Further, in presence of PEG 400 the loss of structure is less as compared to PEG 200 as 
greater number of hydroxyl groups is present in PEG 400, which resists the GdnHCl 
denaturation. 
Thus, it can be concluded that at 30%(v/v) PEGs, con A exists as molten globule state 
with the retention of a compact secondary and some tertiarj' structure, enhanced 
hydrophobic surface area and weakly cooperative transition curve of GdnHCl 
denaturation. 
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Effect ofPEGs on the functional properties of Con A 
3.3.8 Interaction of Con A with polysaccharide (dextran and glycogen) in the presence of 
PEGs: Effect of PEG 200 and 400 on the precipitin reaction of con A with 
polysaccharides was investigated by turbidity measurements at 350 nm by 
spectrophotometer (figure 20A) and at 410 nm by spectrofluorometer (figure 20A inset). 
The concentration of %(v/v) PEGs corresponding to 50% decrease in absorbance at 350 
nm yields C50 (per liter). C50 is the concentration of polyol required to achieve 50% 
inhibition of the specific precipitin reaction. The C50 for PEG 200 (34%) was greater than 
PEG 400 (24%). Approximately 60% and 82% activity was lost in dextran-con A 
precipitation reaction in the presence of PEG 200 and 400 respectively. Figure 20A 
(inset) shows the same trend at 410 nm on spectrofluorometer as for con A and dextran in 
the presence of PEGs. The activity loss at 30%(v/v) PEG 400 and 200 in dextran-con A 
was 53% and 37% respectively. 
In figure 20B the decrease in turbidity was observed in the presence PEG 400 and 200 
on con A-glycogen precipitation as monitored by turbidity method at 350 nm. PEG 400 
inhibited the precipitation more as compared to PEG 200. C50 for PEG 400 and 200 
glycogen-con A precipitation was 18% and 16% (v/v) respectively. The activity loss of 
con A for glycogen was 51% and 60% in presence of PEG 400 and 200 respectively. Fig 
20B (inset) shows the inhibition of precipitation of glycogen-con A in presence of PEGs 
by spectrofluorometer at 410nm. Similar pattern was obtained as seen in figure 20B. The 
maximum activity loss in the presence of PEG 400 and 200 was 71% and 60% 
respectively. 
3.3.9 Interaction of Con A and glycoproteins (ovalbumin and ovomucoid): Figure 21A 
shows con A-ovalbumin precipitin reaction in the presence of PEG 200 and 400 at 350 
nm. The concentration of PEG 400 and 200 at which 50% inhibition occurred was 14% 
and 12% (v/v) respectively. The maximum % activity ioss of con A with ovalbumin was 
95% in PEG 400 and 91% in PEG 200. ITie activity loss at 30%(v/v) PEG 200 and PEG 
400 was 75% and 77% respectively. Experiments on the inhibition of con A-ovalbumin 
precipitin reaction by PEG 200 and 400 were also performed by turbidity methods at 410 
nm on spectrofluorometer (see figure 21A inset). 
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Fig.l9. GdnHCl denaturation of con A at pH 7 (•), 30%(v/v) PEG400 (•), 30%(v/v) 
PEG 200 (A): (A) Fluorescence intensity at 337nm versus GdnHCl, 
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GdnHCl (M) 
(B) Data is plotted between fo versus GdnHCl concentration, fraction of protein 
denatured by change in fluorescence emission maximum as a function of GdnHCl. 
(C) GdnHCl induced transition as monitored by MRE measurements at 223nm 
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Fig.20A. Effect of PEG 400 (•) and 200 (^) on con A-dextran quantitative 
precipitin reaction at 350 nm on spectrophotometer in TM buffer, pH 7. 
(Inset). Effect of PEG 400 (•) and 200 (^) on con A-dextran quantitative precipitin 
reaction at 410 nm on spectrofluorometer in TM buffer, pH 7. 
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Fig.20B. Effect of PEG 400 (•) and 200 (^) on con A-glycogen quantitative 
precipitin reaction at 350 nm on spectrophotometer in TM buffer, pH 7. 
(Inset). Effect of PEG 400 (•) and 200 (A) on con A-glycogen quantitative 
precipitin reaction at 410 nm on spectrofluorometer in TM buffer, pH 7. 
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Fig. 21A. Effect of PEG 400 (•) and 200 (^) on con A-ovalbumin quantitative 
precipitin reaction at 350 nm on spectrophotometer in TM buffer, pH 7. 
(Inset). Effect of PEG 400 (•) and 200 (A) on con A-ovalbumin quantitative 
precipitin reaction at 410 nm on spectrofluorometer in TM buffer, pH 7. 
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Fig.21B.Effect of PEG 400 (•) and 200 (A) on con A-ovomucoid quantitative 
precipitin reaction at 350 nm on spectrophotometer in TM buffer, pH 7. 
(Inset). Effect of PEG 400 (•) and 200 (A) on con A-ovomucoid quantitative 
precipitin reaction at 410 nm on spectrofluorometer in TM buffer, pH 7. 
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Figure 21B shows con A-ovomucoid precipitation reaction in presence of PEG 200 and 
400. PEG 200 or PEG 400 maximally inhibited the con A-ovalbumin precipitin reaction 
as compared to above-mentioned ligands. 93% decrease in presence of maximum 
concentration of PEG was obtained in the activity of con A towards ovomucoid. The loss 
in the activity of con A with ovomucoid was 75% and 77% in the presence of 30%(v/v) 
PEG 400 and PEG 200 respectively. C50 value obtained for con A and ovomucoid was 
10%. Inset of figure 21B shows the same trend at 410 nm by spectrofluorometer as 
observed for figvire 2IB. 
3.4 Discussion 
The effect of PEGs on con A at pH 7 was carried out by spectroscopic techniques 
(fluorescence, ANS binding and CD), size exclusion chromatography and GdnHCl 
denaturation as well as carbohydrate binding specificity. PEG 200 and 400, being smaller 
molecules penetrate the protein structure and form contacts with the surface of protein. 
While the larger species of PEGs cannot penetrate the protein structure, a shell that is 
impenetrable to co-solvent is formed around the protein molecule. Higher molecular 
weight PEGs have larger excluded volume, leading to a larger protein preferential 
hydration. As a result, due to preferential exclusion higher PEGs lead to stabilization 
instead of denaturation. The following spectral information was obtained. (1) From far-
UV CD spectrum, there was retention of secondary structure at 30%(v/v) PEGs, which 
was lost on increasing the concentration further. (2) From Near-UV CD band at 292 and 
283, assigned to tryptophan and tyrosine respectively, some tryptophan and tyrosine side 
chains were inferred to be constrained by interhelix interactions. (3) From fluorescence 
studies we observed that 30%(v/v) PEGs alter the tryptophan environment of native con 
A. (4) ANS binding was maximum at 30%(v/v) PEG 400, followed by 30%(v/v) PEG 
200. (5) From size exclusion chromatography, an intermediate state was obtained which 
was compact as compared to 6 M GdnHCl. (6) The GdnHCl unfolding of 30%(v/v) 
PEGs-induced state showed single-step weakly cooperative transition. In all the results 
obtained, the effect of PEG 400 is more pronounced as compared to PEG 200; this is 
because PEG 400 has a larger molecular weight and greater number of OH groups. The 
effect of polyols increases with increasing concentration and number of OH groups [129]. 
Destabilization of human serum albumin and bovine serum albumin by PEGs has also 
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been reported earlier [130,131]. Thus, intermediates obtained at 30%(v/v) PEGs retain 
secondary structure with enhanced hydrophobic surface area, as observed by their strong 
ability to bind ANS. GdnHCl denaturation studies showed the transition was a single-
step, two-state process. These species may hence be described as compact molten 
globule-like intermediates, as similar properties have been observed for the molten 
globule states of a number of proteins. "Molten globule" (MGs) are partially structured 
protein folding intermediates that adopt a native-like over all back bone topology in the 
absence of extensive detectable tertiary interactions. It is important to determine extent of 
specific tertiary structvire present in 'molten globules' and to understand the role of 
specific side-chain packing in stabilizing and specifying the MG structure. Moreover, the 
A-state of equine ferricytochrome c has native-like compactness, native-like helix 
content, a native helix-helix interactions and one native heme ligand [132,133]. Tertiary 
A-state having been reported for a-lactalbumin [113], RNase H [114], myoglobin 
[134,135] and ubiquitin 1115]. For many proteins, a native-tertiar}' structure in the 
presence of organic solvents has been reported [136]. 
Yet, unusually, con A intermediate, despite the expanded tertiary structure, retains its 
carbohydrate binding activit>' to a considerable degree. The precipitin reaction involving 
con A and specific polysaccharide or glycoprotein resembles an antigen-antibody 
reaction. Accordingly con A-ligand reaction leading to specific precipitation reaction can 
be represented by 
Con A + L <->complex (Soluble) <^ complex (Precipitate) (1) 
where L is a multivalent ligand. It is the secondary aggregation of the soluble complex 
i.e. the second step that was monitored by turbidity method in this study. Accordingly, of 
the two organic solvents used the concentration required to achieve maximal sharp 
inhibition was highest for ovamucoid and minimum for dextran. This may be due to the 
slight disruption of tertiary structure of con A in the presence of high concentration of 
PEGs, which leads to decrease in precipitation as obtained in native-ligand combinations. 
Since hydroxyl groups are more in PEG 400 than PEG 200 more inhibition was obtained 
in all the combination of PEG 400 than PEG 200. A comparison of structural and 
functional properties of intermediate state of con A in presence of PEGs is summarized in 
70 
Table VII 
Comparison of the structural and functional propensities of intermediate states of 
concanavalin A in presence of PEGs. 
Properties 
MRE 
ANS Fluorescence 
Activity 
% Inhibition 
C50 
Native 
-5,100 
+ 
1.4" 
1.1" 
0.6 = 
US'* 
0% 
0% 
0% 
0% 
-
— 
— 
PEG200 
at30%(v/v) 
-5,610 
-H-
0.9" 
0.2'' 
0 . 3 5 ' 
0.45'' 
51%" 
79%" 
37%' 
75%'' 
18%" 
14%" 
34%' 
10% •* 
PEG400 
at30%(v/v) 
-7,200 
+++ 
0.12" 
0.18" 
0 .25 ' 
0.3" 
60%" 
80% " 
5 3 % ' 
77%'' 
16%" 
12%" 
2 4 % ' 
10%'' 
'a' denotes glycogen, 'b' denotes ovalbumin, 'c' denotes dextran, 'd' denotes ovomucoid 
C50: Concentration of organic solvent required to bring 50%» decrease in absorbance. 
Activity of native is taken as 100%. Activity: the concentration at which maximum turbidity was 
obtained with the lectin and ligand. +: less, ++: little, +++: denotes more ANS binding. 
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Table VII. Our studies extend on the characterization of compact molten globule states of 
con A in presence of PEGs i.e. having high hydrophobic residues and retention of 
secondary and tertiary structure. From these studies, it appears that lectin intermediates in 
presence of polyols may have all the necessary features compatible with ceirbohydrate 
binding. Thus, it can be concluded that molten globule is the minimum structural 
requirement of lectins in general, for the carbohydrate binding specificity. PEG-molten 
globule complex formation is analogous to the observed interaction between chaperonins 
and a molten globule intermediate [137]. 
3.5 Concanavalin A interaction with specific and non specific sugars: 
3.5.1 Effect ofpH on concanavalin A: CD measurements: Figure 22A summarizes the 
plot of far-UV CD spectra of concanavalin A at 217rmi as the function of pH fi-om 2 to 
10. At pH 7, a negative trough at 217nm was obtained with a crossover at 209nm (data 
not shown). The position of the trough at 217nm corresponds with the trough position 
(217-219nm) obtained from proteins known to be in p conformation. As can be seen from 
the figure on decreasing the pH from 7 to 2 or increasing from 7 to 10 there was change 
in MRE values. This shows the loss of native secondary structure. The pH sensitivitj' of 
concanavalin A indicates that electrostatic interactions are important in maintaining the 
unique p like conformation of concanavalin A [138,139]. Figure 22B shows the trends 
found for MRE at 269 and 293nm as a function of different pH range from 2 to 10. On 
increasing the pH up to 10 or decreasing up to 2, there was loss of tertiary structure as 
can be seen by change in MRE values. 
Fluorescence measurements: Figure 23 depicts the effect of pH range from 2 to 10 on 
the fluorescence intensity at 335 nm of concanavalin A (as described by CD data). At pH 
7, A-max is obtained at 335nm in native state (data not shown for clarity). On decreasing 
the pH from 7 to 2 there was decrease in fluorescence intensity because the polarity of the 
regions to which the tryptophan is being exposed must be changing to more polar 
environment (indicating tryptophan was approaching to the surface of the protein). On 
increasing the pH, there was increase in fluorescence intensity as compared to native. 
This indicated that initially tryptophan was in a polar solvent, gets internalized and now 
in non-polar environment. The sensitivity of concanavalin A to alkali indicates that 
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electrostatic interactions are important in maintaining the unique conformation of 
concanavalin A. These results are consistent with our CD data. 
3.5.2 Effect of specific and non-specific sugars on Con A: Figure 24 depicts the far-UV 
CD spectra of native glucopyranoside (curve 2), concanavalin A at pH 7 (curve 1), and in 
the presence of 50 mM methyl a-D-galactopyranoside (curve 3). A negative trough was 
obtained for native concanavalin A at 217nm, wiiich was retained in the presence of 
methyl a-D-glucopyranoside with slight change in MRE. In the case of methyl a-D-
galactopyranoside the negative CD intensity was increase by ~ 63%. 
3.5.3 Effect of pH in presence of sugars: CD studies: For the formation of complex 
between concanavalin A and specific sugar, the presence of free amino and carboxyl 
groups are essential. CD studies have indicated that the binding of specific sugar to 
lectins causes the conformational changes in the protein resulting in the alteration of the 
tryptophan and tyrosine environment of the protein [140]. In our CD spectra of 
concanavalin A in the presence of 50mM methyl a-D-glucopyranoside, at all acidic pH 
the position of cotton effect at 217nm remains unchanged same as concanavalin A at pH 
7 (data not shown). The far-UV CD data was plotted at 217nm as the function of pH 
[figure 25A]. Thus it can be concluded that with respect to MRE value at 217nm, through 
out the acidic pH range from 5 to 2 the presence of methyl a-D-glucopyranoside provides 
the protection to concanavalin A on pH exposure. In the presence of non-specific sugar 
(methyl a-D-galactopyranoside) at acidic pH range, different MRE values were obtained. 
Methyl a-D-galactopyranoside induces a-helix in p-sheet concanavalin A as was evident 
by increase in MRE value at 222nm (data not shown for clarity). Figure 25B shows the 
MRE value at 293nm of concanavalin A as the function pH, in the presence of methyl a-
D-glucopyranoside and methyl a-D-galactopyranoside. In the presence of methyl a-D-
glucopyranoside in pH range from 7 to 2 the structure does not appear to be disrupted at 
the carbohydrate binding site since carboxyl and amino groups of concanavalin A were 
not available for titration when this lectin was in contact with the glycoside. As the pka of 
a carboxylic acid is approx. 2.3, while that of aspartic acid side chain is 3.9 so loss of 
proton would have lead to the presence of negative charge on side chain of amino acid 
resulting in charge-charge repulsion. Since methyl a-D-glucopyranoside is sitting at the 
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carbohydrate-binding pocket and was in contact by hydrogen bonds, vander Waals and 
hydrophobic interactions with the side chain of amino residues, present in die pocket. So, 
it can be concluded that methyl a-D-glucopyranoside was responsible for the protection 
effect in acidic pH range while this effect was absent in methyl a-D-galactopyranoside. 
Figure 26A shows the MRE value at 217nm of concanavalin A at alkaline pH in the 
presence of methyl a-D-glucopyranoside and methyl a-D-galactopyranoside. As can be 
seen from the figure, there was no significant change in MRE values at 217nm in the 
presence of methyl a-D-glucopyranoside. In the presence of methyl a-D-
galactopyranoside in this region of pH, a different state was obtained. Figure 26B shows 
the near-UV CD spectra in terms of the MRE values at 293nm of concanavalin A at 
alkaline pH, in the presence of methyl a-D-glucopyranoside and methyl a-D-
galactopyranoside. In presence of methyl a-D-glucopyranoside, there was retention in 
MRE values at 293nm almost same as native. At this pH the deprotonation of amino 
groups would have occurred resulting in net negative charge on protein main chain 
especially for the deprotonation of NH2 group of amino acid present at the carbohydrate-
binding site since pk for a NH2 is 9.90. However, methyl aD-glucopyranoside binds to 
the carbohydrate binding pocket of concanavalin A which prevented titration of 
ftmctional group especially a NH2 group. Non-specific sugar, in our case, methyl aD-
galactopyranoside altered the conformation of concanavalin A at different pH, hence 
resulting in a different stable state. 
3.5.4 Intrinsic fluorescence: Figure 27 shows the fluorescence spectra of native 
concanavalin A at pH 7 (curve 3), in the presence of methyl a-D-glucopyranoside (curve 
2), in the presence of methyl a-D-galactopyranoside (curve 1). At pH 7, when methyl a-
D-glucopyranoside was at the binding site of native concanavalin A, X max was obtained 
at 335 nm with slight decrease in fluorescence intensity as compared to that of native 
protein (curve 2). While in the presence of methyl a-D-galactopwanoside at pH 7, a 
quenched fluorescence spectrum was obtained. The CD and fluorescence data together 
suggest that the conformational state of concanavalin A does not remains same as native 
in presence of methyl a-D-glucopyranoside as there is a change in the spectra. Thus, the 
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Fig. 22A. Far-UV CD values in the terms of MRE at 217nm as the function of pH 
from 2 to 10. Experiments were carried out in 0.02 M of the following buffers: pH 2, 
glycine HCI buffer; pH 3-5, sodium-acetate buffer; pH 7, sodium phosphate buffer; 
pH 8-10 gly-NaOH buffer. Protein concentration was IfiM. 
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Fig. 22B. Near-UV CD value in the terms of MRS at 293 and 269 nm as the function 
of pH from 2 to 10. Same buffer system was used as previously mentioned. Protein 
concentration was lO^M. 
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Fig. 23. Fluorescence emission values at 335nm of concanavalin A at different pH 
range from 2 to 10. Same buffer system was used as reported-prejjpus^i^, Protein 
c&iicestratioii wns 5(iM. 
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Fig. 24. Far UV CD spectra of concanavalin A at pH 7 (0.02 M sodium phosphate 
(curve 1), in the presence of 0.05 M methyl aD-glucopyranoside (curve2), and in the 
presence of 0.05 M methyl a-D-galactopyranoside (cun'e3) respectively. Protein 
concentration was IjiM. 
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Fig. 25A. MRE values at 217nm at acidic pH from 7 to 2 (•), in the presence of 0.05 
M methyl aD-glucopyranoside ( • ) and in the presence of methyl a-D-
galactopyranoside (•). Protein concentration was IftM. 
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Fig. 25B. MRE value at 293nm at acidic pH (•) and in the presence of 0.05 M 
methyl aD-glucopyranoside ( • ) and in the presence of methyl a-D-
galactopyranoside (•). Protein concentration was lOfiM. 
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Fig. 26A. MRE value at 217 at alkaline pH from 7 to 10 (•), in the presence of 0.05 
M methyl aD-glucopyranoside (A) and in the presence of methyl a-D-
galactopyranoside (•). Protein concentration was IfiM. 
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Fig. 26B. MRE value at 293nm at alkaline pH from 7 to 10 (•) and in the presence 
of 0.05 M methyl aD-glucopyranoside (A) and in the presence of methyl a-D-
galactopyranoside (•). Protein concentration was lOfiM. 
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Fig. 27. Fluorescence spectra of concanavalin A at pH 7(0.02 M sodium phosphate) 
(curve 3), in the presence of 0.05 M methyl aD-glucopyranoside (curve 2), in the 
presence of 0.05 M methyl a-D-galactopyranoside (cur\'e 1) respectively. Protein 
concentration was 5^M. 
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presence of specific sugar (methyl a-D-glucopyranoside) at pH 7 does not induce much 
conformational alterations. In the presence of methyl a-D-galactopyranoside a stable 
conformatiorud state, different firom native was obtained which involves the masking of 
tryptophan residue or causing some conformational changes in the lectin, which results in 
the internalization of tryptophan residue. 
On titrating concanavalin A from pH 7 to 2, there was gradual decrease in fluorescence 
intensity at 335nm. While in the presence of methyl aD-glucopyranoside the fluorescence 
intensity remains almost same as that of native (figvire 28). Since methyl a-D-
glucopyranoside is a highly polar molecule due to it there has been gross conformational 
change as a result of binding leads to internalization of tryptophan. Since blue shift is 
occurring (data not shown), this shift is associated with the binding indicates that water is 
excluded in the complex. Thus, protecting it fi'om titration at all acidic pH as predicted 
from the plot of FI at 335 nm as a fimction of pH. In the presence of methyl a-D-
glucopyranoside no major conformational alterations on the exposure at low pH were 
observed, indicating the protective role of specific sugar. Conformational changes in 
tertiary structure of protein as monitored by fluorescence is reflection to changes in the 
aromatic amino acid residues (tryptophan and tyrosine) and also change in protein 
environment due to deprotonation of aspartic acid present at the carbohydrate binding site 
and are chiefly involved in the interaction with specific sugar [141,1421. Glutamic acid 
and also other main chain aspartic residues are also responsible for this conformation of 
concanavalin A at pH 2. Moreover, X-ray crystallographic analysis has delineated the 
exposed nature of two of the four tryptophans of concanavalin A [143]. As can be seen 
from the plot of fluorescence intensity at 335nm vs. pH in the presence of methyl a-D-
glucopyranoside (figure 29) the polar binding cavity of concanavalin A was protected, 
which prevents it from alkaline pH denaturation. While a decrease in fluorescence 
intensity at 335nm is obtained in the presence of methyl aD-galactopyranoside, which 
persists as obtained at pH 7. At alkaline pH the boimd methyl aD-glucopyranoside (to 
concanavalin A) reduces the number of charges on protein thus, nullifying the effect of 
pH when sugar is present in the carbohydrate-binding site. The amino acid present in 
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Fig. 28. Fluorescence intensity at 335nm of concanavalin A at acidic pH range (•), 
from 7 to 2 in the presence of O.OSM-methyl a-D-glucopyranoside (A) and in the 
presence of methyl a-D-galactopyranoside (•). Protein concentration was SftM. 
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Fig. 29. Fluorescence intensity at 335nni of concanavalin A at, at alkaline pH range 
(•) from 7 to 10 and in the presence of 0.05 M methyl aD-glucopyranoside (A) and 
in the presence of methyl a-D-galactopyranoside (•). Protein concentration was 
5^M. 
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carbohydrate binding site are aspartic acid and tyrosine. They mainly tyrosine, were 
prevented from deprotonation of functional groups which otherwise would have been 
negatively charged at alkaline pH. The conformational changes between pH 7 and 10 are 
more likely due to either deprotonation of lysine residues or ionization of tyrosine. This 
factor dominates and act as protective over the conformational changes in concanavalin A 
as caused by alkaline pH denaturation. Hence, specific sugar acted as a protector on 
concanavalin A over pH denaturation 
3.6 Discussion: Lectin-carbohydrate complex usually involves hydrogen bonding, vander 
Waals forces and hydrophobic interactions. These non-covalent forces must have been 
responsible for the existing stable conformation when carbohydrate is present at the 
binding site. Keeping this conformation in view, the protective role of specific and non-
specific saccharide to concanavalin A at different pH by using the fluorescence and CD 
spectroscopic techniques. Concanavalin A is a metal-requiring lectin specific for aD-
glucopyranosyl and aD-maimopyranosyl residues. At neutral pH concanavalin A exists 
as a tetramer. As the pH is lowered dissociation to a dimer occurs, which is completed by 
about pH 5.5. The resultii of the present study demonstrated that under the experimental 
conditions, the conformation of concanavalin A is pH dependent. Methyl aD-
glucopyranoside and not methyl aD-galactopyranoside has a protecting effect on 
concanavalin A. Since the isoelectric point of concanavalin A has been reported at pH 
7.0, when pH is lowered on going from the positively charged protein to a protein 
approaching zero net charge, the conformation of the protein changes. The large 
alteration at alkaline pH is observed as compared to that at acidic pH because more acidic 
amino acid residues are present in concanavalin, A which acquire a negative charge and 
lead to charge repulsion. Results obtained on binding of non-specific sugars showed a 
major conformational changes occurring in the tertiary structure of the lectin. Thus, it can 
be interpreted as an intermediate state, which is, obtained at all pH and further resist the 
conformational alterations at different pH. The conformational changes can be supported 
as one tryptophan is situated near the lip of the large polar cavity (residue 182) while the 
other is involved in monomer monomer contact (residue 88) [143]. It has also been 
reported that the fluorescence of fluorescent labeled 4-methylumbelliferyl a-D-
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mannopyranoside is quenched on binding to concanavalin A [141]. In a simpler fashion 
lectins, which have a high degree of carbohydrate ipecificity, make a useful model for 
protein carbohydrate interactions. An attempted has been made here to monitor the effect 
of pH on concanavalin A conformational states, assuming that best fit ligand will prevent 
the protein to undergo any major conformational alteration under any stress condition. 
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CHapter IV 
(Purification and characterization 
of a (D-gaCactosides specific Cectin 
fi'om Cdtoria ternatea 
4.1 Aim of present study: Lectins are sugar-binding proteins (glycoproteins) of non-
immune origin with the ability to recognize special sugars present on cell surfaces 
resulting in cell agglutination, and can also precipitate glycoconjugates. Due to their 
specificity to cell surfaces they can be used to identify cell types, employed in the 
determination of human and animal blood groups and to immobilize human sperms 
through agglutination, or detect the onset of cancer [144-146]. 
Lectin induced agglutination is exhibited by a special sugar that distinguishes them from 
mammalian antigens. They occur in microorganisms, animals, plants, but are readily 
detectable in plants seeds and are widely used in carbohydrate biochemistry, cell biology, 
e.g. separation of various biologically active compound and cells. Lectins can induce 
bacterial cell agglutination thus inhibiting their growth. This characteristic may be useful 
as an effective tool in the identification of pathogens and to control infections caused by 
them. In addition, lectins can pre-empt the binding sites on bacterial cell surfaces 
preventing the binding of the pathogen to human skin, which is an important event in 
pathogenesis. [147-149]. 
Plant lectins have been \videly used for the detection, isolation and characterization of 
glycoconjugates using their characteristic carbohydrate binding properties. The 
increasing use of lectins in chemical and biological aspects has prompted for their 
purification. The increasing use of lectins in chemical and biological aspects has 
prompted for their purification. Although over several plant lectins have aheady been 
isolated and their carbohydrate binding specificity has been have been reported to bind 
specifically to sialic acid or oligosaccharide units, which include this sugar residue. 
[150-152]. Wheat germ lectin is known to bind sialic acid. This lectin binds more 
preferably to N-acetyl-D—glucosamine and its |3-1, 4-linked oligomers. The interaction 
of wheat germ agglutinin with sialic acidics namely, the superimposable configuration of 
amino and hydroxyl groups at C-5 and C-4 of the pyranose ring of sialic acid with the C-
2 and C-3 of N-acetyl-D-glucosamine. Some of the lectin show antitumor activities eg, 
Vohariella vohalea lectin exibit antitumor activity against sarcoma S-180 cells [85], 
Grifola frondosa lectin is cytotoxic to Hela cells [86], Agaricus bisporus lectin and 
Amaranthus caudatus possesses antiproliferation activities against human colon cancer 
cell lines HT29, breast cancer cell lines MCF-7 and T-antigen [144], and Tricholoma 
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mangoUcum lectin inhibits mouse mastocytoma PQ15 cells in vitro and sarcoma S-180 
cells in vivo [153]. Moreover, sialic acid-binding lectin are being used as a marker for 
detection and understanding of certain types of cancers or as chemotherapeutic agents in 
cancer and AIDS, besides other medicinal uses [154,155]. One of the diverse biochemical 
function reported for lectins is that they also act as anti-cancer agents i.e., inhibit growth 
of transformed cells. 
The discovery and study of the plant lectins which can bind specifically to sialic acid, or 
oligosaccharide units which include this sugar, will not only extend our knowledge 
regarding the carbohydrate binding properties of plant lectins, but it will also provide a 
useful tool for biochemical studies of glycoconjugates, especially in light of the 
increasing knowledge concerning the important role of sialylation and desialylation in the 
regulation of glycoconjugate metabolism and cell-cell interaction [156]. 
Butterfly pea commonly known as Shankupushpam, is widely used in traditional Indian 
systems of medicine as a brain tonic and is believed to promote memory and intelligence. 
Besides its medicinal property little attention has been paid about the lectin present in this 
plant. 
Thus, purification and characterization of C. ternatea lectin (designated C. ternatea 
agglutinin: CTA), present in the seeds of this member of leguminoceae family was 
carried out. 
4.2 Materials and Methods 
4.2.1 Materials: Clitoria ternatea seeds were obtained fi-om Botany department A.M.U 
Aligarh and further identified by Prof Wahazhat Hussain, a taxonomist in A.M.U. Most 
sugars were purchased from Sigma, St.Louis, MO USA. Glycoprotein (Ovalbumin, 
thyroglobulin, mucin, fetuin, asialofetuin) was purchased from Sigma. St.louis MO USA. 
IgM was extracted from goat plasma by method of Catty and Raykundalia [169]. 
Asialofetuin CL sepharose and fetuin CL sepharose, P-gal synsorb were also procured 
from Sigma. Fresh human red blood cells (AjBi and 0) were obtained from JN Medical 
College, AMU. 
4.2.2 Purification of Clitoria ternatea lectin: C. ternatea seeds (30 grams) were finely 
ground in 60 mM phosphate buffer pH 7.2 and delipidated by extraction with glacial 
acetic acid (0.4 M pH 4), overnight followed by centrifugation. The pellet was discarded 
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and the pH of the supernatant was raised to 7.2 by NH4OH. The seed meal was extracted 
3 times with 50ml PBS at 4°C for 4 to 12hrs. Three crude extracts were combined and 
made 30% saturated with (NH4) 2SO4 (4°C), centrifuged and the resulting pellet was 
discarded. The supernatant fluid was made 80% saturated with (NH4)2S04 (4°C), the 
precipitate was collected by centrifugation and the precipitated protein dissolved in 
60mM PBS pH 7.2 and dialyzed extensively against the same buffer. After centrifiigation 
to remove insoluble material, the equal amount of protein sample was applied on 
asialofetuin, fetuin, and P-gal synsorb columns separately. The unbotmd material was 
washed from the colunms with 60 mM PBS pH 7.2 and the Clitoria ternatea lectin was 
eluted with 50mM lactose. The capacity of the columns was approximately 50mg of 
lectin, thus it was necessary to reapply the unbound material to the affinity colimin to 
obtain the remaining lectin. 
Determination of proteins and neutral sugars: Protein was assayed by the method of 
Lowry et al [93], using bovine serum albumins as standard and carbohydrate moiety was 
determined by method of Dubios et al, using glucose as standard carbohydrate [94]. 
4.2.3 Hemagglutination: Fresh red blood cells were washed and resuspended to make an 
optical density between 0.5 and 0.6 against a saline blank. Based on the observed optical 
density, a calculated amount of saline should be added to resolve the optical density to 
0.5. Owing the extreme sensitivity of the trypsinated cells to agglutination by C. ternatea, 
the solution described above were usually subjected to a ftirther 1:100-500 dilution with 
saline. Serial twofold dilutions were then made in a final volume of 1ml. 
Ten tubes were generally employed within each series covering a dilution range of none 
in tube 1 to 1:512 to tube 10. To each tube 1ml of the standard trypsinated blood 
suspension was added, mixing the content of each tube by inversion immediately 
following addition of the blood. The tubes were set in a standing support to hold the tubes 
in an exactly vertical position, a precaution necessary to prevent agglutinated cells from 
sticking to the walls of the tubes. The tubes were set aside at room temperature and read 
in the calorimeter after 2.5 hrs, due care being taken not to agitate the contents. 
Absorbance readings are readily from the cells remaining in suspension from an 
appropriate standard curve [157]. 
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Alternatively, red blood cells were washed and resuspended to make a 2% suspension in 
PBS. The lectin solution was serially diluted in microtiter plates followed by the addition 
of 2% red blood cell suspension. Hemagglutination was observed after Ihr at room 
temperature. One hemagglutination unit (HU) is defined as the minimirai amount of C. 
ternatea to completely agglutinate cells and is equivalent to a lectin concentration of 
20^g/ml for pure or 1.132 mg/ml for crude protein. 
4.2.4 Molecular mass estimation and homogeneity of Clitoria ternatea agglutinin: 
Native gel elctrophoresis using a 7.5% slab gel was conducted in the glycine buffer, pH 
8.9, according to the method of Davis [158]. SDS-PAGE was carried out according to 
method of Laemmli et al. [95] in 12% gel with electrophoresis buffer containing 
0.1%SDS in Tris-Glycine buffer (pH 8.53). The purified lectin was in a sample buffer 
containing 2% SDS in the presence of 2.5% 2-mercaptoethanol and sample was treated in 
water bath at 100°C for 5 min. Molecular weight markers used were cytochrome c (Mr 
12,000), a-lactalbumin (Mr 14,000); soybean trypsin inhibitor (Mr 20,000); carbonic 
anhydrase (Mr 30,000); ovalbumin (Mr 43,000) and serum albumin (Mr 67,000). Protein 
bands were visualized by coomassie brilliant blue R-250 staining. 
Native Molecular weight was determined by HPLC using protein pak column 
equilibrated with PBS. The column was standardized with bovine serum albumin 
(66,000), ovalbumin (45,000), lysozyme (14,000) and cytochrome c (12,000). 
4.2.5 CD measurements: CD was measured with a JASCO J-720 spectropolarimeter 
calibrated wdth ammoniimi D-10-camphorsulphonate. A cell of path length 0.1 and 1 cm 
was used for scanning between 250-200nm and 300-250 mn respectively. Proiein 
concentration of the samples was typically 20nM and 50 nM in lOmM phosphate buffer 
of pH 7.2 for the far-UV and near-UV CD studies respectively. The results were 
expressed as mean residue ellipticity (MRE) in degree cmVdmol, which is defined as 
MRE = Gobs (mdeg)/10 x n x Cp x 1 where Gobs is the observed ellipticity in degrees, Cp is 
the molar fraction and 1 is the length of light-path in cm [97]. 
4.26 Fluorescence measurements: Fluorescence spectra were recorded with a Shimadzu 
RF 540 spectrofluorometer in a 10 mm path length quartz cell. The excitation wavelength 
was 280 nm and emission wavelength was recorded fi-om 300 to 400 nm respectively 
[98]. The final protein concentration was 15 nM. 
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4.2.7 Quantitative precipitation and hapten inhibition assays: The interaction of C. 
termtea (lOOjig) with polysaccharide or glycoprotein (10-l,000ng) was studied in lOmM 
TM (Tris HCl) buffer (pH 7.2) by turbidity method at 350 nm on spectrophotometer 
model Hitachi U 1500 and at 410 nm Shimadzu RF 540 spectrofluorometer. For each 
sample proper blanks of native and glycoprotein were taken into accoxmt. 
Inhibition reaction: The inhibition of precipitation was measured by incubating lectin 
(lOO i^g) with fetuin (72 ^g) in lOmM TM buffer, pH 7.2 in presence of increasing 
concentration of different sugars separately and subsequently determining the percent 
decrease in absorbance at 350 imi and 410nm. 
Determination of antibody response by ELISA: Alternatively, ELISA was used for 
determination of the quantitative interaction between sialyted (fetuin) and asialyated 
(asialofetuin) glycoprotein. The productions of glycoprotein (asialofetuin/ fetuin) specific 
antibodies were measured in the sera of different animals. Blood was obtained by the 
ocular puncture of rabbit on day seventh after final dose of immunization, kept at room 
temperature for one hours and then incubated overnight at 4'C for separation of the 
serum. The ELISA plates (Coster, Boston MA) were coated overnight with 50|xi 
(25[ig/ml) of antigen in carbonate-bicarbonate buffer; 0.05M, pH 9.6; at 4°C. The plates 
were washed extensively with PBS-Tween buffer (3 quick and 2 slow washing) and 
300}il of blocking buffer (3%[w/v] skimmed milk in PBS-Tween 20) was loaded in each 
well and incubated at 3°C for 3-6 hours. The plates were again washed with PBS-Tween 
and different dilutions of test and control sera were added. The reaction was allowed to 
proceed at 37°C for 2 hours. The microtiter plates were again washed five times with 
PBS-Tween and 50|il of peroxidise conjugated rabbit anti-mouse IgG antibodies (1:2000) 
were added. The plates were incubated at 37°C for 1 hour. The plates were again washed 
before adding 50^1 of Orthophenylene diamine dihydrochloride (OPD-2 HCl) and finally 
incubated at 37°C for 20 minutes. The reaction was expressed as the highest dilution of 
serum that yielded an O.D. above the control wells. 
4.2.8 pH dependent study: The buffers used were lOmM glycine-HCl (pH2), sodium 
acetate (pH 3-6), sodium phosphate (pH 7-8) and glycine-NaOH (pH 9-10). pH 
measurements were carried out on an Elico digital pH meter (model LI 610) with a least 
count of 0.01 pH unit. The pH dependent study of lectin was carried out at different pH by 
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pre-incubating the lectin (O.lmg/ml) in respective bufler oolutions at 37°C for 30min 
required aliquots (at various pH valuesj were then pipcltccJ into reaction mixtures. CTA 
(100|ig) and fetuin (72|j,g) interaction was carried out at alx'vc mentioned various pH to 
check the activity at different pH. 
Metal Analysis: After dialysis into metal free buffer, C lanatca was incubated for Ih at 
room temperature in the presence of indicated EDTA concentrations. Fetuin was then 
added, and the precipitin assay was carried out as usual. Secondly, CTA was dialyzed 
against pH 2 buffer and redialyzed against pH 7.2 buffer. Then the metal ions and fetuin 
was added to check the activity. The metal ion concentration was lOmM. 
4.2.9 Estimation of tryptophan and tyrosine: Tryptophan content was estimated by the 
method of Spande and Witkop [159]. The initial optical densit)' of the C. ternatea in 8M 
urea at 280 rmi was recorded and fiirther decrease in optical density by the addition of a 
fixed aliquot (lO^iL) of 10 mM stock solution of N-Bromosuccinimide. The addition was 
continued in this stepwise fashion until further increments lead to no further decrease in 
optical density, with due allowance for the small decrease expected from dilution. The 
minimum optical density was recorded and corrected for the N'olume increase due to the 
added reagent. The reagent itself and succinimide display negligible absorption at 280 
nm. 
Tyrosine content was estimated by the ionization of phenolic hydroxyl groups. 
The titration of the phenolic groups of the C. ternatea was carried out 
spectrophotometrically [160] at 30°C. Two identical solutions of the inhibitor at pH 6.0 
and pH 13.0 were prepared and alkaline difference spectrum of the lectin was recorded in 
the wavelength region 236-320 nm. Extreme care was taken to ensure identical protein 
concentration in the two samples. 
Results 
4.3.1 Hemagglutination activity of crude extract: The crude extract of Clitoria ternatea 
agglutinated both native and trypsin treated human B erythrocytes, but no 
hemagglutination activity was obtained towards human A and human O erythrocytes. 
Crude extract failed to show hemagglutination activity towards native and trypsinized 
rabbit erythrocytes. The reciprocal of the highest dilutions of the lectins giving complete 
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agglutination was taken as hemagglutination titre. The hemagglutination titer of the crude 
agglutinin was found to be 4. 
The commomly available following sugars, D-glucose, sucrose, D-mannose, D-fhictose, 
D-fucose, D-galactose, lactose, N-acetyl-D-muramic acid, methyl-3-D-mannopyranoside, 
D (+) galactosamine, N-acetyl-D-galactosamine, were taken for sugar inhibition assay at 
20mM concentration. Lactose showed maximum inhibition followed by galactose and its 
derivatives, which were weak inhibitors. Where as D-maimose, D-glucose (the C-4 
epimer), sucrose, D-fructose, N-acetyl-D-glucosamine and N-acetyl-D-muramic acid 
were all non-inhibitory. 
4.3.2 Purification of lectin: Summary of the purification scheme for C ternatea 
agglutinin is presented in table VIII. Clitona ternatea agglutinin represents about 0.7% of 
the total PBS-extractable protein from seed meal, or 9 mg of lectin/ SOgrams of C. 
ternatea seeds. The crude homogenate of C. ternatea was loaded on three matrices i.e. 
fetuin CL sepharose (figure 30A), asialofetuin CL sepharose (figure 3 OB) and P-gal 
synsorb. The maximvmi yield was obtained from fetuin matrix followed by asialofetuin 
matrix. P-gal synsorb proved to be less satisfactory absorbent than the above matrices, 
since yield was less. In all aspects, C ternatea purified agglutinin appeared identical 
from the above-mentioned matrices. Elution of C. ternatea agglutinin from the affinity 
column by lactose was employed. However, D-galactose was also effective in displacing 
the lectin from the above-mentioned matrices. 
4.3.3 Hemagglutination assay of purified agglutinin: The hemagglutination tests were 
performed at 4°C. Each dilution of the v^ dth crude extract was mixed with red blood cell 
suspension and incubated for another 30 min.l hemagglutinating unit (HU) has been 
arbitrarily defined as that level of test solution, which causes 50% of the standard cell 
suspension to sediment in 2.5hrs under the conditions, described herein. The absorbance 
value corresponding to 50%of the standard cell suspension (Eso) is readily obtained from 
the curve previously described. From the curve shown in figure 30 C, the reciprocal of 
the dilution (x) corresponding to IHU may be calculated using the method by I.E.Liener 
[153]: 
log X = log A+ [(E5O-RA)/(RB-RA)]X log2 
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Where A=reciprocaI of the dilution in the tube A (nearest tube having an absorbance less 
than E50) 
RA= absorbance of tube A 
RB= absorbance of tube B (nearest tube having an absorbance greater than E50) 
From the data presented in figure 30C, appropriate values may be substituted into the 
foregoing equation to give x values (equivalent to HU/ml) of 39 for Clitoria ternatea. 
Figure BOD shows the hemagglutination in terms of concentration. The minimal 
concentration of the purified lectin required for the agglutination of human B erythrocyte 
was 20ng/ml. 
4.3.4 Molecular weight and homogeneity of Clitoria ternatea agglutinin: Figure 31A 
shows the plot of log M (molecular weight of marker proteins) versus Rm (relative 
mobility of marker proteins on gel). SDS-PAGE analysis of fetuin purified C. ternatea 
gave a single protein band (± P-mercaptoethanol, data not shown) with Mr 34,674 (lane 
2) and crude homogenate (lane 1) with marker protein (lane 3) (figure 30B). Further, 
native PAGE was used to check the homogeneity (figure 31 A). Native PAGE at 8.8 also 
gives a single protein band (figure 32A), a fiirther indication that C ternatea sample was 
homogenous. 
Gel filtration equipments indicated that, in PBS at 4°C, C. ternatea has Mr 68,794 (figure 
32B) both in presence and absence of 0.2M lactose. In both the cases, the lectin eluted as 
a single elution volume corresponding to a symmetrical peak at a molecular mass of 
68,794Da. Taken together, these observations suggest that the lectin exists as homodimer 
apparent molecular weight of 68,794 Da. 3% neutral carbohydrate was detectable using 
the phenol-sulfiiric acid assay. 
4.3.5 Effect of metal ions on the conformation of CTA: To see the metal ion 
requirement of CTA, CD conformational studies were performed in the aromatic and 
peptide region (figure 33). As can be seen fi-om figure 33 acid dialysed CTA shows the 
loss of secondary as well as tertiary structure. However in the presence of magnesium, 
calcium and manganese ions the acid induced state of CTA approaches to native tertiary 
(figure 33A) and secondary (figure 33B) conformation. In presence of EDTA the spectral 
features of native lectin are altered showing requirement of metal ion and approaching as 
that of acid treated CTA. Thus, CTA is metal requiring lectin and requires manganese 
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most followed by magnesium and calcium. This was further confirmed by the activity of 
lectin in presence of metal ions and EDTA. Table IX summarizes the experiments 
performed to determine the effect of metals on C. ternatea activity. The presence of 
EDTA (5-25mM) there was loss of 73%of the activity of C. ternatea agglutinin. Acid-
dialyzed C. ternatea was 23% as active as untreated C. ternatea agglutinin. Acid-treated 
lectin was dialyzed against pH 7, buffer and then the effect of metal ions on the activity 
of lectin was observed. However, the addition of Ca^^ restores the 63% of the activity in 
C ternatea. The addition of Mn^^ and magnesium restored 84% and 76% of the loss 
activity respectively. These data suggest that C. ternatea requires metal ion for activity 
(see table IX). 
4.3.6 Conformational studies of CTA: To get an insight into the tertiary conformation 
and secondary structural elements of the lectin, CD conformational studies were 
performed in the wavelength range 300-250nm and 250-200nm respectively. Curve 1 in 
figure 34A shows the near ultra-violet circular dichroism spectrum at neutral pH. A 
positive band at 278-280nm and a trough at 275nm are observed. The spectrum in the 
aromatic absorption (viz. tryptophan, tyrosine and phenylalanine) is strongly dependent 
on the number and environment of aromatic residues. The positive CD bands around 255, 
275, and 278-280 are generally due to the absorption of phenylalanine, tyrosine and 
tryptophan residues respectively [123]. Since the spectrum in the aromatic absorption 
region is strongly dependent on the number and environment of aromatic acids viz. 
tryptophan, tyrosine and phenylalanine, the observed features are attributed to the 
presence of these amino acids in the lectin. Near UV CD spectrum showed marked 
changes in spectral features: the increase in positive dichroism (curve 2) being more 
pronounced at acidic pH (curve 3). Fig 33B depicts the far ultraviolet CD spectnmi of C. 
ternatea agglutinin. Negative trough at 219nm with crossover at 195mn is the 
characteristic feature of p-sheet secondary structure (curve 1). The CD spectra of C. 
ternatea agglutinin is similar to Dolichos biflorus and Robinia lectins in as die curve do 
not have the typical shape of curves exhibited by proteins of high a-helix content 
(negative band at 221-222nm and 206-209nm and a positive band at 190-191nm) but 
have weak and broad negative band at 210-240nm with maximum at 219nm and a weak 
positive band at 195nm.This spectral feature also resembles to concanavalin A [16,161]. 
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35 
Fig. 30A. Isolation of ClUoria ternatea on a fetuin-Sepharose column. The active 
fraction obtained from crude CTA by (NH4)2 SO4 fractionation was applied onto 
the fetuin column (0.6 X 2 cm; bed volume, 2ml). The column was washed with PBS, 
and the bound lectin was desorbed by 0.2 M lactose. Fractions of 1 mi were collected 
and monitored by the absorbance at 280 nm. 
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Fig. 30B. Same amount of crude homogenate under similar conditions as mentioned 
in lA was applied on an asialofetuin column (0.6 X 2 cm cm; bed volume 2ml). 
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Fig. 30C. Curve relating absorbancs measurement of hemagglutination activity at 
the end of 2.5 hr. to the reciprocal of the dilution of a solution of C. ternatea 
agglutinin. 
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Fig. 30D. Curve relating absorbance measurements of hemagglutination activity at 
the end of 2.5 hrs to the increasing concentration oiCternatea agglutinin. 
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Fig. 31A. Molecular weight determination of CTA by SDS-PAGE: Log M versus 
relative mobility (Rm) of molecular weight markers: Serum albumin (Mr 67,000), 
Ovalbumin (Mr 43,000), Pepsinogen (Mr 33,000), Soybean trypsin inhibitor (Mr 
20,000) Bovine a- lactalbumin (Mr 14,000) and cytochrome c (Mr 12,000). 
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Fig. 31B. SDS Polyacrylamide gel electrophoresis patterns on 12% slab of the C 
ternatea agglutinin at pH 8.3, lane 1- crude lectin, lane 2- affinity purified C. tematea 
agglutinin (15|ag was loaded) lane 3- marker protein. 
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Fig. 32A. Native Polyacrylamide gel electrophoresis patterns of the purifled C. 
ternatea agglutinin at pH 8.9 (30|a.g was loaded). 
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Fig. 32B. Native molecular weight determination by HPLC. C. ternatea agglutinin 
migrated at the position of the arrow with Mr 68,794. 
105 
Table VIII 
The steps involved in purification of Cternatea agglutinin from Ctematea seeds. 
Step 
Crude homogenate 
From 3 Og of seeds 
0-50% Ammonium 
sulfate fraction 
50-80% 
Ammonium sulfate 
Fraction 
Affinity 
Chromatography 
(Fetuin-CL-Sepharose) 
rotal proteii 
(mg) 
1371 
736 
337 
9 
iHemagglutinatio 
activity 
80,647 
59,231 
31,923 
5,841 
nSpecific 
activity 
58.8 
8 0.4 
94.7 
649 
Yield Fold 
(yo) pui ification 
100 
53.6 
24.5 
0.3 
1 
1.36 
1.6 
11 
IHU (hemagglutinating unit) =20ng/ml to completely agglutinate cells. 
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Fig. 33. Effect of metal ions: manganese (*")' magnesium (—) and calcium (-.-) on 
CTA at pH 2( ) and EDTA ( ) on native CTA (—): (A) Near UV CD 
spectra: The protein concentration was SOfiM and pathlength was 1cm. (B) Far-UV 
CD spectra: The protein concentration was lO i^M and pathlength was 0.1cm. 
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Table IX 
Effects of metal on Ciernatea activltv 
Conditions 
l)5mMEDTA 
2) 25mM EDTA 
3) Acid treated Ciernatea + fetuin 
Refolded CTA by pH 7, plus a) 0. ImM CaCh 
b)0.1niMMnCl2 
c)0.1mMMga2 
"/©Control activity" 
31 
27 
23 
65 
84 
76 
^Control was 100 \ig C .ternatea (native, pH 7.2) plus 72 ^ g of fetuin 
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At pH 2 the position ot trough is shifted to 216 nm i.e. a blue shift of 3nm with a cross 
over at 197nm (curve 3). At pH 2, a different compact conformation than native is 
obtained which retain secondary structure. At pH 10, the far UV-CD spectrum shows less 
pronounced changes (curve 2) than pH 2. A similar study on Cajanus cajan lectin has 
also been reported by our group previously [99]. 
The affinity eluted purified lectin was also monitored for fluorescence studies. The 
purified lectin gives a A^ ax at 337nm, indicating emission spectrum of the presence of 
tryptophan. The fluorescence intensity is high when excitation wavelength used was 290 
nm as compared to 280nm (figure 33C). Tryptophan has a much greater absorption than 
other amino acids at this wavelength. The number of tryptophan calculated according to 
the method of Spande and Witkop was approximately 4.2 (Table X). 
Ionization of tyrosyl residues in C. ternatea agglutinin in the presence of increasing 
concentration of alkali (varying pH fi'om 6.0 - 13.0) was performed under denaturing 
conditions in order to measure the total ionizable tyrosines. Figure 33D depicts the 
alkaline transition curves obtained under denaturing conditions. The ionozation of 
tyrosine is accompanied by both an intensification of the spectrum and a shift of the 
maximum fi-om 278 to 296mn. The alkaline difference spectrum (pH 13.0-6.0) of lectin is 
depicted in inset of figure 33D, shows two peaks at 244nm and 296nm, which is 
characteristic of the tyrosinate ion. pH induced difference spectra in the 250-300nm 
region have been ascribed to vicinal charge effects, change in polarity and polarizability 
of the chromophore environment, breaking and formation of side chain hydrogen bonds 
involving tyrosyl residues or simply ionization of tyrosyl residues at high pH. However, 
the main spectral changes observed with tyrosine containing proteins in the alkaline pH 
are due to ionization of tyrosyl residues. In order to calculate the number of ionized 
tyrosyl residues, the maximum change in the molar extinction at 296nm was measured 
and divided by 2300cm /mole, the As of free tyrosine residue. Estimation of tyrosines by 
this method yielded 6.4 ionizable tyrosine residues in lectin (Table X). 
4.3JAmino acid sequence: A single N-terminal amino acid sequence of Clitoria 
ternatea agglutinin H2N M A T S K L A S A L w a s determined. As shown in Table XI, 
a search of the protein database revealed a significant homology with Glycine max and 
Pisum sativum lectin. The complete sequence was also found homology to S-64 sucrose 
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binding protein (SBP) from Glycine max. The SBP from soyabean has been implicated as 
an important component of sugar uptake system, an important solute found in phloem 
contents of the most species. Hence it can be suggested that CTA exhibits both 
haemagglutination as well as sucrose uptake activity. As shown in Table XII, a single 
subunit of purified CTA contains an extremely high proportion of hydrophobic amino 
acids (Ala, He, Leu, Val, and Phe) that account for nearly one-third (approx. 89) of the 
total amino acids. High contents of acidic, basic and hydroxyl amino acids (Asx and Glx 
accounts for 20%; Arg and lys accoimts for 19%; Ser and Thr, 12%), and relatively high 
amounts (9%) of aromatic acids, accounting for the high absorbency at 280nm of the 
lectin were also present. The PI calculated for CTA was found to be 6.32. The lectin also 
contains three residues of methionine and four residues of cysteine. No free sulfhydryl 
groups were detected by reaction with 5,5'-dithiobis (2-nitrobenzoic acid); together with 
the observation that p-mercaptoethanol has no effect on SDS-PAGE migration; the 
presence of an intrachain disulfide linkage is indicated. 
4.3.8 Effect ofpHon lectin activity: Figure 35 shows the effect of pH on the C. ternatea 
agglutinin/fetain precipitin assay. Almost no precipitate formed at or below pH 5. 
Precipitation activity increased sharply between pH 5-6 and peaked at pH 7.0. Significant 
C. ternatea activity was observed between pH 5-9. 
4.3.9 Quantitative precipitation and precipitation inhibition: In as much as the 
hemagglutination activity of the crude extract of C. ternatea agglutinin was specifically 
inhibited by galactose and the lectin was isolated by affinity chromatography on fetuin 
CL sepharose, various glycoproteins were tested for their ability to precipitate the lectin. 
None of desialyted glycoprotein or asialoglycoprotein was precipitated. To our great 
surprise, of many native glycoproteins tested, which possess highly, sialyted 
carbohydrates chains such as fetuin, thyroglobulin, porcine mucin, asialofetuin gave a 
pronounced precipitation reaction and a weak precipitation with ovalbumin. However, 
lectin failed to precipitate IgM. 
Therefore, fetuin was employed as a precipitant in the inhibition assays. The triantermary 
chains of fetuin, contains 3 Neu5Ac-Gal unit (2,6-linkage/2,3-linkage), hence showed 
more precipitation followed by thyroglobulin. The complex-type bianteimary 
carbohydrate chains of thyroglobulin contain 1 Neu5Ac (2,6)-Gal unit in its molecule. 
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Fig. 34A. Effect of pH on conformation of C ternatea a^lutinin: Near-UV CD 
spectrum. Curve 1 represents lectin at pH 7, curve 2 at pH 10 and curve 3 at pH 2. 
The protein concentration was 50^M and pathlengtb yvsts 1cm. 
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Fig. 34B. Far-UV CD spectrum. Curve 1 represents C ternatea agglutinin at pH 7, 
curve 2 represents C. ternatea agglutinin at pH 10 and curve 3 represents C ternatea 
agglutinin at pH 2. The protein concentration was 20^M and pathlength was 0.1cm. 
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Fig. 34C. Fluorescence emission spectra of Cternatea agglutinin (curve 1) excitation 
wavelength 290nm, (curve 2) excitation wavelength at 280 nm. The protein 
concentration was ISfiM and pathlength was 1cm. 
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Fig. 34 D.Tyrosine ionization. Alkaline transition curve of denatured C. ternatea 
lectin. 
Inset: Alkaline difference spectrum of C. ternatea lectin (pH 13.0-6.0). 
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Table X 
Estimation of tryptophan and tyrosine content of Cternatea agglutinin. 
Amino-acid 
Tryptophan (Trp) 
Tyrosine (Tyr) 
Estimated number 
4.2 ± 0.2 
6.4 ± 0.2 
Method of Analysis 
Spande&Witkop[159] 
Qasim & Salauddin [160] 
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Fig. 35. Effect of pH on % the activity of lectin: pH dependence of Cternatea 
agglutinin/fetuin precipitation monitored by turbidity. Each tube contained 100)xg 
lectin and 72^g fetuin. 
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Moreover, C. ternatea strongly precipitated mucin, which carries multiple carbohydrate 
moieties consisting of NeuSAc (a2-6) GalNAc sequence linked to Ser/Thr. This suggests 
that the high affinity of this glycoprotein for C ternatea agglutinin depends mainly on 
the presence of the NeuSAc (a-2,6) Gal sequence. It also suggests that both of the 2 
NeuSAc (a-2,6) Gal residues in the fetuin oligosaccharide may interact simultaneously so 
precipitation of lectin with fetuin was high as compared to above-mentioned 
glycoproteins (fig 36A). However all the glycoprotein which lectin precipitated possess 
6>-linked oligosaccharide structure except thyroglobulin. Each molecule of fetuin 
contains three 0-linked oligossacharide chains with structure NeuAca2,3 
Gaipi,3[NeuAca 2, 6] GalNAca-0-Ser/Thr. Mucin, also carries multiple carbohydrate 
moieties consisting of NeuSAc (a2-6) GalNAc sequence linked to Ser/Thr. The 
technique of lectin-based immtmoassay has been used earlier for the quantitation of 
carbohydrate receptors like the envelope glycoproteins of human immunodeficiency 
virus. Lectin ELISA fiirther confirmed the stronger binding of fetuin to C. ternatea 
agglutinin then asialofetuin (fig 36B). The results of sugar hapten inhibition are shown in 
fig 36C. Among the monosaccharides tested, only D-galactose, its derivatives, and D-
galactose-related carbohydrates (D-fiicose, 6-0-methyl D-galactose, lactose. Gal P Me, 
Gal a Me, Gal NAc, D-Galacitol, melibiose) were inhibitory, whereas epimers of D-
galactose (i.e. D-talose, (C-2 epimer), D-gulose (C-3 epuner), and D-giucose (C-4 
epimer), D-arabinose, D-mannose, D-ribose, maltose, sucrose, N-acetyl glucosamine, 
laminaribiose, maiman, 1-0-methyl -a-D-galactopyranoside, methyl p-D-
mannopyranoside. Glucosamine and trehalose were all inhibitory upto 200 mM. These 
results indicate that the C-3 equatorial and the C-4 axial hydroxyl groups of the D-
pyranose ring are essential for lectin binding. However most striking observation was that 
neither fi"ee N-acetylneuramic acid, nor its a2,8-linked polmer (colominic acid) was 
inhibitory. Table XIII tabulates all saccharides, which were sused as inhibitors of CTA 
and the respective concentration required for 50% inhibition of C ternatea agglutinin/ 
fetuin precipitation. 
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Table XI 
The N-terminal sequence of C ternatea agglutinin aligned with the sequence of the 
other known legume lectins 
Acessession 
number 
AAS 45646 
ABB 59989 
P 05046 
CAA01149 
AAF 05723 
Protein name 
CUtoria ternatea 
agglutinin 
Glycine max lectin 
Glycine max lectin 
Soyabean 
agglutinin 
Pisumsativum 
lectin 
S-64 glycine max 
Source 
CUtoria ternatea 
Glycine max 
Glycine max 
Glycine max 
Pisum sativum 
Glycine max 
Sequence 
(First 10 AA) 
MATSKLASAL 
MATSKFHTQT 
[161] 
MATSNFSIVL 
[162] 
MATSKLKTQN 
[163] 
MASLQTQMIS 
[164] 
MATRAKLSLA 
[165] 
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Table XII 
Amino sequence of CTA and comparison with SBP-64. 
MATSKLASALIFLFFLLALISNLALGKLKE TEVEWDPELV TCKHQCQQQR 
MATRAKLSLA IFLFFLLALI SNLALGKLKE TEVEEDPELV TCKHQCQQQR 
QYTESDKRTC LQQCDSMKQE REKQVEWETR EKEEEHQEQH 
QYTESDKRTC LQQCDSMKQE REKQVEEETR EKEEEHQEQH 
EEEQDQNPYN FEEDKDFSTR VETEGGSIRV LKKFTEKSKL 
EEEQDQNPYV FEEDKDFSTR VETEGGSIRV LKKFTEKSKL 
LQGNENFRLAILEARAHTFV SPRHFDSEW LFNIKGRAVL 
LQGNENFRLA ILEARAHTFV SPRHFDSEW LFNIKGRAVL 
GLVRESETEKITLYPGDMIHIPAGTPLYIV NRDENYKLLL 
GLVRESETEK ITLEPGDMIH IPAGTPLYIV NRDENEKLLL 
AMLHIPVSTP GKFEEFFGPG GRDPESVLSA FSWNVLQAAL 
AMLHIPVSTP GKFEEFFGPG GRDPESVLSA FSWNVLQAAL 
QTPKGKKLERL FNQQNESGIF KISRERVRAL APTKKSSWKPFGGESKAQFN 
QTPKGKLERL FNQQNEGSIF KISRERVRAL APTKKSSWWP FGGESKAQFN 
IFSKRPTFSN GYGRLTEVGP 
IFSKRPTFSN GYGRLTEVGP 
119 
Table XIII 
Inhibition of precipitation of C.ternatea agglutinin with fetuin by oligosaccharides 
Sugar 
D-Galactose 
GalaMe 
Gal pMe 
Lactose 
D-Fucose 
6-0 Me-D-Gal 
Melibiose(Galal,6Glc) 
GalNAc 
D-Galactitol 
IC5o(mM)» 
26 
12 
11 
4.1 
48 
32 
70 
112 
129 
Relative potency 
1 
0.46 
0.42 
0 15 
1.85 
1.2 
2.7 
4.3 
5 
a Minimum concentration required for 50% inhibition of the C.ternatea agglutinin/fetuin 
precipitation reaction. 
D-arabinose, D-mannose, D-ribose, maltose, sucrose, N-acetyl glucosamine, 
laminaribiose, mannan, 1-0-methyl -a-D-galactopyranoside, methyl p-D-
marmopyranoside. Glucosamine and trehalose were all non-inhibitory upto 200 mM. 
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Fig. 36A. Interaction of C ternatea agglutinin with glycoproteins. Each tube 
contains lOOfxg lectin and varying amount of glycoprotein; after 48 h at 4° C, the 
absorbance at 350 nm was monitored on spectrophotometer against respective 
blanks of glycoprotein and lectin. The glycoproteins used were (•) fetuin; ( • ) 
mucin; (4 ) thyroglobulin; ( • ) asialofetuin, and (D) ovalbumin. 
(Inset) The precipitation of C. ternatea agglutinin by glycoproteins monitored at 
410nm on spectrofluorimeter. The above-mentioned glycoproteins are used. 
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Fig. 36B.GIycoprotem binding [sialylated (fetuin) ^ ; and asialylated (asialofetuin) 
•J to C tematea lectin by ELISA. 
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Figure 36C. Hapten inhibition of C ternatea agglutinin/fetuin precipitation. 
Saccharides are: (•) lactose; (A) Gal (5 Me; (•) Gal a Me; (•) galactose; (A) 6-0 
methyl-D-galactose; (O) D-fucose; (O) meUbiose, (D) Gal NAc; (X) D-Galacitol. 
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4.4 Discussion 
The carbohydrate binding specificity of the crude extract of C. ternatea seeds was found 
to be specific towards galactose and N-acetyl-D-galactosyl residues. Several affinity 
matrices containing terminal D-galactosyl residues including Sepharose, acid-treated 
Sepharose, divinyl sulfone-activated galactose or lactose derivatized Sepharose, were 
assessed for their use in the isolation of the hemagglutinin. However, all these attempt 
failed. Finally the hemagglutinin was found to be effectively absorbed by fetuin CL 
Sepharose; perhaps it can strongly bind to a2, 3- and a2, 6-linked N-acetyl neuramic 
acids and thus exhibits a significant increment in its lectin binding activity. However, a 
considerable binding was also obtained on asialofetuin CL Sepharose, may be due to the 
fact that asialofetuin possesses branched oligosaccharide chains containing multi-non-
reducing terminal gal pi-3 and gal P1-4 besides. This suggests that lectin beside a2, 3-
and a2, 6-linked N-acetyl neuramic acids can also bind to gal pi-3 and gal pi-4. Less 
satisfactory results were obtained fi-om P-gal synsorb matrix. On polyacylamide gel 
elctrophoresis, it appeared as a single band and in presence of SDS, a single band 
revealed to molecular mass of 34,674 Da. Further, the molecular mass of C. ternatea 
lectin as determined by the gel filtration chromatography was lower than that expected 
for a homodimer, either in the presence or absence of galactose. The deviation might be 
due to the hydrophobic interaction of the lectin and the gel matrix. Based on all data 
obtained, it is concluded that the fetuin-purified lectin is a homodimer of 68,794 Da 
having each subunit of MW 34,674 Da. 
By definition, a lectin is a sugar-binding protein or glycoprotein of non-immune origin 
that agglutinates cells and /or precipitates glycoconjugates. In order to form detectable 
precipitate, however, both the lectin and the glycoconjugate must be multivalent as well 
as in an appropriate stoichiometric ratio. Of all the native glycoproteins we assayed for 
their ability to form a precipitate with C. ternatea agglutinin, only fetuin, thyroglobulin, 
mucin and asialofetuin precipitated the lectin. As fetuin, thyroglobulin, mucin contain a2, 
3- and a2,6-linked N-acetyl neuramic acids. 
To elucidate the detailed carbohydrate binding specificity of purified C. ternatea 
agglutinin, precipitation inhibition assays were carried out using fetuin as the precipitant. 
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The 2-, 3-, and 4-hydroxyl groups in the galactopyranose ring are evidendy important in 
binding, because the epimers in these positions (D-talose, D-guiose, and D-glucose, 
respectively) are unreactive. The reactivity of p-D-galactopyranosides, compared with 
free D-gaiactose, indicates a preference for the p-D-pyranose form, which is 
predominately in the ^Ci chair conformation. Because D-gulose and D-glucose in 
solution equilibrium are 60-70% in the same conformation and anomeric configuration, 
their lack of reactivity indicates that the 3- and 4- hydroxyl groups in the equatorial and 
axial epimer, respectively, are essential for binding. The precipitation was less in 
asialofetuin than other glycoprotein. This could be explained by the fact that in Galpl, 
4Gal, the non-reducing terminal galactosyl residue is P-linked to an axial C-4 oxygen 
atom, causing the two hexose residues to lie at a considerably sharper planar angle to 
each other, increasing the possibility of steric hindrance of the hydroxyl groups involved 
in binding. Of the oligosaccharides examined, lactose but not the melibiose was a better 
inhibitor than D-galactose. 
In conclusion, the C. ternatea agglutinin possesses an extended carbohydrate-combining 
site v^ ath strict specificity and high affinity for nonreducing terminal Neu5Aca2, 6 
Galpl,4Glc(NAc) residues. This specificity could make this lectin an invaluable tool for 
glycobiological studies, especially for cancer research and diagnosis. For example, it has 
been well docximented in NIH3T3 (or FR3T3) cells transformed with ras oncogene that 
there is an increased P-galactoside a-2,6-sialyltransferase activity [166,167] and 
concomitant decreased CMP-Neu5Ac: Galpl,3GalNAc a-2,3-sialyltransferase activity 
[168], Furthermore, some tumors, e.g. hepatocellular carcinoma [169] and human 
colorectal tumors [170,171], express a high level of a2,6-sialyation of N-
acetyUactosaminic sequences on their cell surface, which is correlated with high 
metastatic potential [172-174]. 
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A lectin present in roots of Ctyanus ctyan seedlings 
was isolated and purified by affinity chromatography. 
Sugar specificity assayed by hemagglutination-inhibi-
tion activity indicated that lectin belongs to glucose/ 
mannose-specific group. The root lectin was found to 
be mannose-specific firom the second day onwards as it 
was reconfirmed by specific elution of different days' 
sample from mauncse agarose matrix. Tlie maximum 
interaction of lectin with goat I^ VI was obtained in 
lO-day'Old sample, indicating the highest crude lectin 
content. Lectin (total amount of eluted protein) from 
different days soil sample showed a maximum amount 
in 10-day-old sample. For further studies, the lectin 
has been isolated from the roots of lO-day C. cajan 
seedlings and purified on mannose-CL agarose col-
umn by a£Bnity chromatography. Lectin was found to 
be a dimer of ld.5-kDa subunit as revealed by SDS-
PAGE. Tryptophan quenching fluorescence was stud-
ied for C. cajan root lectin. Secondary structure of C. 
ceyan root lectin as studied by circular dichroism was 
found to be a typical ^-pleated sheet structure. The 
interaction of purified root lectin with C. ceyan-spe-
cific rhizobial lipopolysaccharide and its inhibition by 
specific and nonspecific sugars was demonstrated by 
fluorescence and circular dichroism. Results dis-
cussed in this paper were studied for the first time by 
different spectroscopic methods, suggesting that C. 
ctyan root lectin-lipopolysaccharide interaction is 
s p e c i f i c . O 2001 Elaevier Science 
Key Words: circular dichorism; fluorescence; protein-
carbohydrate interaction; UV; visible spectroscopy. 
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Lectins are proteins or glycoproteins of nonimmune 
origin that agglutinate cells and precipitate complex 
carbohydrates or polysaccharides. Their interaction 
with polysaccharides resembles the antibody-antigen 
and enzyme-substrate reaction (1, 2). Lectins which 
have a high degree of carbohydrate specificity make a 
useful model for protein carbohydrate interactions (3 -
8). They have been imphcated in cell to cell interaction, 
ligand-receptor recognition, blood group typing, trans-
port of biological macromolecules, and to some extent 
in the immune recognition process (9-11). 
Extensive study of sequence homology and 3-D struc-
ture of various lectins suggest that they are conserved 
throughout evolution and thus may play a important 
role in the physiology of plants. Though their exact role 
in plants is still unknown, they have been implicated in 
pathogenesis, cell elongation, defence against fungal 
attack, and Rhizobium legume symbiosis. Unlike ani-
mals, plants do not have any immune system, but 
lectins are believed to interact with invading microor-
ganisms thus providing a line of defence to plants 
against various bacteria and fungi (14, 15, 17). 
Nitrogen fixation by leguminous crops involve spe-
cific mteraction between root cells and rhizobia. These 
interactions are mediated by lectins which serve as a 
bridge between similar carbohydrates on both the root 
hair tip and Rhizobium. The investigations of Rhizo-
bium legume recognition have generally made use of 
seed rather than root lectin because of the relativeh 
high concentrations and ready accessibility of lectin in 
most of legume seeds [exceptions are possible (16)] 
Absence of any firm knowledge of the extent to which 
data obtained with seed lectins can be extrapolated to 
root nodulation represents a major gap in this aspect 
So the present studies were under taken to isolate and 
purif}' lectin from roots of Cajanus cajan and its inter-
action with rhizobia. We have also made an attempt to 
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SPECTROSCOPIC STUDIES ON THE PROTECTIVE EFFECT OF A 
SPECIFIC SUGAR ON CONCANAVALIN A AT ACIDIC, NEUTRAL 
AND ALKALINE PH 
RIZWAN HASAN KHAN'*, AABGEENA N A E E M ' and MASROOR ALAM 
BAIG^ 
'interdisciplinary Biotechnology Unit, Aligarh Muslim University, Aligarh-
202002, India, ^Jamia Hamdard University, Hamdard Nagar, New Delhi 
110 062, India 
Abstract: A Systematic investigation of the effect of pH on concanavalin A in 
the presence of specific and non-specific sugars is made using CD (circular 
dichroism) and fluorescence. The specific and non-specific sugars for 
concanavalin A were methyl a-D-glucopyranoside and methyl a-D-
galactopyranoside respectively. Far-UV CD showed changes in the MRE value 
at 217 nm in the presence of the above-mentioned sugars. At pH 7, the CD and 
fluorescence spectra obtained in the presence of methyl a-D-glucopyranoside 
were slightly different from those for the native state and a significant difference 
was obtained in the presence of methyl a-D-galactopyranoside. Near-UV CD 
spectra showed the retention of a native-like tertiary structure in the presence of 
the specific sugar upon pH denaturation. Tryptophan fluorescence studies 
indicated a change in the tryptophan enviomment. The results obtained from our 
CD data are consistent with those obtained from fluorescence studies. 
Upon pH exposure of concanavalin A in the presence of methyl a-D-
glucopyranoside and methyl a-D-galactopyranoside, the former acted as a 
protector preventing conformational alteration at different pH while the presence 
of latter induced a different stable conformational state and this state persists 
over the pH range from 2 to 10. 
Key Words: Circular Dichroism, Concanavalin A, Fluorescence, Protein-
Carbohydrate Interaction 
•Corresponding author; fax: 91-571-2701766, tel: 91-571-27020388, E-mail: 
rizwanhkhan@hotmail.com, rizwanhkhanl@yahoo.com 
Abbreviations used: CD - Circular dichroism, MRE - Mean residual ellipticity, PI -
Fluorescence intensity 
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Partially folded intermediate state of concanavalin A retains 
its carbohydrate specificity 
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Abstract 
A systematic investigation of the effect of polyethylene glycol (PEG) 200 and 400 on the solution conformation of concanavalin A 
(con A) was made using circular dichroism (CD), tryptophan fluorescence, l^ anilino-8-naphthalenesulfonic add (ANS) binding, aiKl 
size-exclusion chromatography. Far-UV CD spectra of con A at 30%(v/v) PEGs show the retention of ordered secondary structure 
as compared to 70%(v/v) PEGs. Near-UV CD spectra showed the retention of native-like spectral features in the presence of 30%(v/ 
v) PEGs. Intrinsic tryptophan fluorescence studies irxiicate a diange in the environment of tryptophan residues on the addition of 
PEG. ANS binding was maximum at 30%(v/v) PEGs suggesting the compact "molten-globule"-Uke state with enhanced exposure of 
hydrophobic surface area. Size-exclusion chromatography indicates an intermediate hydrodynamic size at 30%(v/v) PEGs. GdnHCl 
denaturation of these states was a single-step, two-state transition. To study the possible minimum structural requirement in the 
specific binding, the effect of PEGs on the interaction of con A with iigand was investigated by turbidity measurements. The Cjo 
value was less in PEG 4(X> sug^sting the more inhibitory ability of PEG 400. The C50 >^ue of PEGs was highest for dextran fol-
lowed by glycogen, ovalbumin, and ovomucoid. From percentage inhibition of con A-ligands at 30%(v/v) PEG, maximum inhibi-
tion was in ovalbumin followed by ovomucoid, ^yoogen, and dextran. To summarize: con A at 30%(v/v) PEGs exists as compact 
intermediate with molten-globule-like duuacteristics, viz., enhaiKcd hydrophobic surface area, retention of compact secondary as 
well as tertiary structure, and a considerable degree of carbohydrate binding specificity and activity. This result has significant impli-
cations on the molten globute state during the folding pathway(s) of proteins in general and quaternary association in the legume 
lectin in particular, where precise topology is required for their biological activities. 
© 2005 Elsevier Inc. All rights reserved. 
Concanavalin A; Qrcular dichroism; Molten globule; Polyethylene glycol; Specific binding 
Protein folding is the process by which amino add se-
quence of a protein determines the three-dimensional 
conformation of the functional protein. The elucidation 
of the molecular mechanism of protein folding from a dis-
ordered polypeptide chain to specific native state, that is 
the deciphering of second half of the genetic code [1 ], re-
mains one of the major challenges in biochemistry [2]. 
Study of the folding intermediates and denatured states 
provides an insight into understanding how and when 
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various forces come into play in directing protein folding 
[3-9]. The development of a broad range of techniques 
has led to the identification and characterization of stable 
folding intermediates, termed "molten globules," that 
have been shown to be of compact structure with pro-
nounced secondary structure but lacking rigid tertiary 
structure [10-17]. Lectins are proteins or glycoproteins 
of non-immime origin that agglutinate cells and precipi-
tate complex carbohydrates or polysaccharides. Their 
interaction with polysaccharides resembles the antibody-
antigen and enzyme-substrate reactions. Lectins, which 
have a high degree of carbohydrate specificity, make a 
useful model for protein carbohydrate interactions 
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